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Abstract 
The aim was to identify risk and protective factors for production diseases in commercial pig 
farms. Data from on-farm questionnaires and three industry databases holding relevant 
information were collected and analysed to identify inter-relationships between indicators for 
production diseases, welfare and performance, and to explore different risk factors for these 
indicators.  
The connection of different data sources, combined with the sampling of pig farms to represent 
the commercial population, proved challenging. However, inter-connections between health, 
welfare, performance and biosecurity in commercial pig farms in the UK were identified by 
multivariate analyses. Internal biosecurity scores were generally lower than those for external 
biosecurity, and little impact of biosecurity was observed on indicators like mortality, prevalence 
of lameness and pigs requiring hospitalization.  Assessment of the UK “Real Welfare” scheme 
data showed in general low prevalence of welfare issues and demonstrated a reduction in 
prevalence in 2014, 2015 and 2016 compared to 2013. A risk factor analysis pointed towards the 
need for attention to pen environment and feeding management across all farming systems. While 
the provision of substrate was associated with a reduction of prevalence of some welfare 
outcomes, tail docking on its own did not seem to be effective in reducing tail biting. In 
commercial pig farms in France, additional analyses were conducted on risk factors associated 
with piglet mortality, considered as a production disease, utilising a necropsy database. The 
identification of different mortality patterns and specific risk factors for different categories of 
perinatal mortality highlighted the necessity for a better understanding of the differences between 
farm types in order to develop targeted remedial strategies. Additional analyses from a 
retrospective survey highlighted the positive impact of supporting both suckling and 
thermoregulation to reduce piglet mortality after birth. 
Our results illustrated the potential value of secondary analyses to identify factors influencing the 
production diseases and derive recommendations for their alleviation. 
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Chapter 1 Introduction 
 
1.1   Farming intensification and production diseases in pigs  
1.1.1   Consequences of pig farming intensification 
Over recent decades, specialization, concentration and regionalization of pig production has taken 
place across Europe (Rieu and Roguet 2012). Pig farms have become larger and more specialized 
and, from the intensification of the farming systems, critical points have emerged: high density of 
animals, high dependency on inputs, such as feed and diverse changes in the husbandry with 
consequences for animal health and welfare (Chambert et al., 2008; Rieu and Roguet, 2012). 
Industrialization of agriculture has led to specific genetics, livestock movement and specialized 
nutrition and management practices, which have increased the risk of diseases connected to 
intensification (Kimman et al., 2013).  
In Europe, diseases connected to intensive farming have resulted in a series of food scares and 
have raised the interest in farm animal welfare (Fraser, 2008; Veissier et al., 2008; Clark et al., 
2017). The internet and social media have considerably increased access to different sources of 
information and influence consumer behaviour (Grandin, 2014). Publication of the UK Brambell 
Report (Brambell, 1965) initially raised concern about farm animal welfare amongst society and 
caused policy makers to become more concerned about the ethical treatment of animals (Veissier 
et al., 2008).  Harmonised EU rules were put in place, through Council Directive 98/58/EC, to 
ensure welfare of different animal species and set standards for transportation and slaughter 
(European Council, 1998).  However, more recent opinion suggests that welfare improvement 
should be achieved through the combination of governmental and market initiatives in order to 
meet consumer demands (Clark et al., 2017). Farmers and retailers have started to consider 
welfare as a selling point for animal products (Bock and Huik, 2007; Hubbard et al., 2007; 
Miranda-de la Lama et al., 2013; Saitone and Sexton, 2017). Numerous research projects have 
been conducted to assess animal welfare (Temple et al., 2012; Munsterhjelm et al., 2015a, 2015b) 
and their results used to formulate standards for Quality Assurance schemes in response to 
consumer demands regarding welfare and health issues connected to farm intensification (Peet, 
2002). These include standards intended to address the issue of production diseases, such as the 
prevalence of lameness or tail lesions. 
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1.1.2   What are production diseases? 
The intensification of pig production facilitates disease transmission by increasing population 
density, leading to higher risk of diseases including zoonoses (Graham et al., 2008; Drew, 2011, 
Jones et al., 2012). Production diseases are defined as “diseases which tend to persist in intensive 
animal production systems and become more prevalent or severe, in proportion to the potential 
productivity of the system” (http://www.fp7-prohealth.eu/about/about-prohealth/) (Nir, 2003). 
These diseases have negative impacts on production performance, leading to economic losses. 
Several health conditions of growing and finishing pigs, including gastro-intestinal disorders in 
piglets and fattening pigs (Jacobson et al., 2003; Herskin et al., 2016; Jensen et al., 2017), post 
weaning multisystemic wasting syndrome (Alarcon et al., 2011), respiratory problems (Meyns et 
al., 2011; Nathues et al., 2013) and locomotor problems (Van Grevenhof et al., 2011), have been 
associated with the intensification of pig production in conventional farming systems. Therefore, 
all these health problems should be considered as production diseases. Breeding herds also 
experience problems connected to production intensification, as highlighted by the increase in 
piglet mortality for the systems with higher litter size (Baxter and Edwards, 2016), or endemic 
diseases such as porcine respiratory and reproductive syndrome (PRRS) in regions with high herd 
density (Fahrion et al., 2014), both having also a major economic impact (Crooks et al., 1992; 
Nathues et al., 2017). Production diseases can have multiple manifestations with a specific 
etiology, such as post-weaning multisystemic syndrome (Martineau and Morvan, 2010). They not 
only involve infectious agents, but also tend to increase due to influences of management and 
environmental factors connected to agricultural intensification (Nir, 2003; Baxter and Edwards, 
2016; Muns et al., 2016).  
It is therefore apparent that a multitude of diseases and health conditions can be labelled as 
production diseases.  This includes for pigs: Neonatal mortality and chronic diseases affecting 
subsequent productivity, Locomotory problems, Mastitis/Metritis/Agalactia following parturition 
and for growing and finishing pigs specifically Post-weaning diarrhoea, Post-weaning 
multisystemic wasting syndrome (PMWS), Porcine respiratory disease complex (PRDC), 
Enteritis/colitis. These diseases compromise animal health and welfare and are one of the major 
reasons for antibiotic use in pig farms (Postma et al., 2016a) as they are generally the diseases 
that are the most prevalent in conventional systems. Targeting solutions to increase the 
sustainability of intensive pig production, a better understanding of the inter-connections between 
production diseases, welfare and performance needs to be achieved. 
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1.1.3   Inter-connections between production diseases, welfare and performance 
Studies often focus on specific diseases and their causation and treatment, but many interacting 
factors are connected to overall animal health. In general, risk factors for production diseases also 
have negative impacts on welfare and productivity, showing the close connection between 
production diseases, welfare and performance. For example, space allowance and stocking 
density can increase the risk for specific health issues such as enzootic pneumonia and 
pleuropneumonia (Amory et al., 2007; Munsterhjelm et al., 2015b) and have a negative impact on 
the welfare and the performance of the pigs (Vermeer et al., 2014). Feeding system and nutrition, 
combined or not with other factors such as environment or genetics, also have a significant 
impact on health issues (Doeschl-Wilson et al., 2009) but also production performance (Doeschl-
Wilson et al., 2009; Magowan et al., 2010) and welfare (Munsterhjelm et al., 2015b).  
No specific method to measure the impact of production diseases is widely accepted. As 
production diseases are generally connected to a decline in welfare and productivity, indicators 
measuring these two parameters could be used to assess the impact of production diseases. This 
approach is supported by Martineau and Morvan (2010), who suggest that a decline in 
performance under the standards of the systems should be considered as a production disease. 
Better understanding of production diseases should be achieved by identifying indicators of 
production diseases, welfare and performance and the interconnections between these indicators. 
Moreover, improvement of the knowledge of predisposing factors and the way production 
diseases relate to the farm environment, should provide a wider view on the global performance 
and sustainability of a farming system. Therefore, biosecurity, as part of the risk factor matrix for 
entry and spread of infection, could be one of the important determinants of production diseases.  
1.1.4   Importance of biosecurity for the control of production diseases 
Production diseases are often infectious diseases which are compounded by management 
practices (Nir et al., 2003), including biosecurity measures applied by the farmers. Biosecurity 
measures aim to protect pig herds from the introduction and spread of infectious diseases in order 
to increase animal health and performance (Amass and Clark, 1999; Boklund 2004; FAO, 2010; 
Rojo-Gimeno et al., 2016; Postma et al., 2016a). Several studies have shown that the level of 
biosecurity differs between pig herds of different size and production type (Boklund et al., 2004; 
Bottoms et al., 2013) and that this results in different health status (Boklund et al., 2004). Whilst 
the frequency of some biosecurity measures might be different between countries or between 
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farms, several biosecurity measures are generally interconnected (Boklund et al., 2004; Casal et 
al., 2007). The level of biosecurity in a farm is usually assessed through a set of questions relating 
to internal biosecurity (measures which prevent the spread of diseases inside the farm) and 
external biosecurity (measures limiting the entrance of pathogens into the farm) (Laanen et al., 
2013). The different steps in the elaboration of biosecurity questionnaires are rarely mentioned, or 
the questionnaires are sometimes developed for other purposes (Boklund et al., 2004; Casal et al., 
2007; Bottoms et al., 2013), making it difficult to assess the results and compare the level of 
biosecurity between farms and studies.  
Numerous studies exist about the perception of disease risks and biosecurity measures by farmers. 
Generally, farmers are convinced that they are applying all the relevant biosecurity measures for 
their farm and tend to apply biosecurity measures they interpret as important (Casal et al., 2007; 
Garforth et al., 2013). However a lack of awareness regarding unseen risks, including diseases 
with no clinical signs, was identified amongst farmers (Garforth et al., 2013). A multitude of 
factors can influence the implementation of biosecurity measures including the credibility of the 
information provided (Garforth et al., 2013). Moreover, the possible complexity of the output 
from academia suggests that a tool which translates the results of research into a simple message 
to assess biosecurity and provide feedback to the farmer, would be beneficial to improve the level 
of biosecurity in pig farms. A biosecurity tool called Biocheck.UGent™ was created in order to 
quantify the level of internal, external and general biosecurity, and provide subsequent advice to 
farmers (Dewulf, 2014). The reliability of Biocheck.UGent™ was demonstrated by Laanen et al. 
(2010) and the online-based questionnaire has been used in different studies in several countries 
(http://www.biocheck.ugent.be) (Laanen et al., 2013; Backhans et al., 2015; Postma et al., 2016a). 
Internal biosecurity scores of farms in these studies were generally weaker than external 
biosecurity scores, with room for improvement in hygienic measures in and between 
compartments, in staff working procedures between groups and in smaller herds (Backhans et al., 
2015; Laanen et al., 2013). Previous studies showed that improvement of biosecurity could be 
achieved over a short period of time and that the associated better herd management led breeding 
farms to increase the number of piglets weaned (Postma et al., 2016c). Such a tool has not yet 
been applied in the UK and would help in identifying the current level of biosecurity and the 
critical points of biosecurity in commercial pig farms. A lower prevalence of some production 
diseases might be expected with improved biosecurity, but indicators to directly assess the impact 
of such diseases need to be defined. 
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1.2   How to assess production diseases? 
1.2.1   Indicators of production diseases 
Both clinical observations and biological analyses can be used to identify the occurrence of 
specific production diseases. On-farm observation of clinical symptoms is usually the first stage 
in disease identification and diagnosis. Serological testing is also widely used for disease 
surveillance or disease diagnosis in order to apply the appropriate treatment (Picardeau et al., 
2014; Giles et al., 2017). Meat inspection at the time of slaughter has been developed to protect 
human health against meat-borne biological hazards (Felin et al., 2016), but has progressively 
been recognized as a good source of information to monitor animal health and welfare by 
assuring a high population coverage (Correira-Gomes et al., 2017). This approach is especially 
relevant for endemic diseases, not subject to systematic control (Stark et al., 2014). Moreover, the 
feedback provided to the farmer and veterinarian can be particularly useful for on-farm decision 
making (Stark et al., 2014).  
Better identification of animal diseases based on reliable indicators was one of the objectives 
highlighted by the European Commission (European Commission, 2007b). Benchmarking 
systems based on post mortem inspection have been developed to assess pig health and improve 
health surveillance (Stark et al., 2014). Post-mortem inspection at the abattoir is an easy tool to 
systematically assess pig health in a large number of herds over a country. However, despite the 
cost reduction compared to on-farm inspection, the assessment needs to be easily repeatable with 
sufficient financial incentive to enable its implementation. The first programs were implemented 
in Scandinavia and Netherlands (Willeberg et al., 1984; Elbers et al., 1992). The failure in 
detecting important disease issues led to subsequent improvement in the protocols (Willberg et 
al., 1997). For example, several tools have been developed to assess lung lesions indicative of the 
respiratory diseases having important economic impact. The Slaughterhouse Pleurisy Evaluation 
System is a fast and simple scoring system which is used to score the presence of APP-like 
lesions in lungs and pleura, the Madec system enables the scoring of lesions of catarrhal 
bronchopneumonia, and an Enzootic Pneumonia-like lesion score is used to approximate the 
percentage of lung area showing consolidation (Sanchez-Vasquez et al., 2010; Meyns et al., 2011; 
Sibila et al., 2014). Image analysis software can be used to quantify the affected lung area (%), 
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but can currently be difficult to use at a slaughterhouse, and the ratio of lung weight/body weight 
can be used to quantify the increased lung weight due to lesions (Sibila et al., 2014).  
Feedback from basic slaughter checks is legally required by the European Commission 
regulations (EC) 854/2004 and (EC) No 1244/2007 (European Commission 2004; 2007a). Meat 
inspections follow the same legal basis across Europe, but each country has developed its own 
individual scoring system. Amongst others, Germany, Italy, Austria and Denmark have developed 
scoring systems to assess lung lesions based on pathological anatomical and lung lesion scoring 
(Merialdi et al., 2012; Wanda et al., 2013; Steinmann et al., 2014; Alban et al., 2015). Some 
abattoirs have further developed the system to cover different lesions in the liver, heart, 
respiratory tract and on the skin (Wanda et al., 2013; Alban et al., 2015; Nielsen et al., 2015; 
Gottardo et al., 2017; Scollo et al., 2017). The British Pig Health Scheme (BPHS), created in 
2005 by the Agriculture and Horticulture Development Board (AHDB) which is a statutory levy 
board, funded by farmers. BPHS is one of the most developed national programmes for post-
mortem assessment of pig health. The BPHS is an industry-sponsored health monitoring scheme 
which aims at improving herd health by developing a scoring system of health conditions and 
feeding information back to the farmer and veterinarian. The assessment of pig carcasses is 
conducted by specialist veterinarians, a consortium of independent veterinarians that undertook 
specialist training in condition scoring. Although voluntary, the BPHS program might provide 
more sensitive results about pig health compared to the statutory Food Standards Agency (FSA) 
inspection results. This can be justified by the fact that BPHS assessors are focused on specific 
animal health-related lesions while FSA inspection is more focussed on public health and meat 
quality (Correira-Gomes et al., 2017). All the assessed health conditions and the respective 
scoring systems of BPHS are reported in Table 1.1. Enzootic pneumonia-like lesions are assessed 
using the lung lesion scoring system developed by Goodwin (1969). The cranial and cardiac lobes 
are designated a score of 0 to 10 each, and the cranial areas of the diaphragmatic lobes and the 
intermediate lobe a score of 0 to 5 each, giving a maximum score of 55. The score of Pleurisy can 
be 0 for absence, 1 for mild and 2 for severe. Papular dermatitis is scored from 0 to 3 according to 
severity. The score for all the other lesions only considers the absence (0) or the presence (1) of 
the lesions (Table 1.1). The BPHS scores provide useful indicators for health conditions and have 
enabled further analyse    s (Holt et al., 2011). These include studies about pleurisy, 
enzootic-pneumonia, milk spots and their impact on health, welfare and performance (Tucker et 
al., 2009; Sanchez-Vazquez et al., 2010, 2011, 2012). 
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Table 1.1 Scoring system of the British Pig Health Scheme (BPHS) used to assess the incidence 
and the severity of animal disease on member farms (http://pork.ahdb.org.uk/health-
welfare/health/safe-traceable-pork/bphs/). 
 Anatomical location Abbr. Lesions Scores* 
Lungs and Chest 
EP  Enzootic Pneumonia 
0, 5, 10, 15, 20, 25, 30, 35, 40, 
45, 50, 55 
PL Pleurisy Blank, 1 or 2 
Viral Viral-type distribution Blank or 1 
PPAcute Pleuropneumonia - Acute Blank or 1 
PPChronic Pleuropneumonia - Chronic Blank or 1 
Abscess Abscess Blank or 1 
Pyaemia Pyaemia Blank or 1 
Liver MS Milk Spot Blank or 1 
HS Hepatic Scarring Blank or 1 
Other PC Pericarditis Blank or 1 
PT Peritonitis Blank or 1 
Skin PD Papular Dermatitis Blank, 1, 2 or 3 
Tail Tail-bitten Blank or 1 
*Details about the meaning of the scores can be found on the AHDB website (http://pork.ahdb.org.uk/health-
welfare/health/safe-traceable-pork/bphs/). Blank means no lesions, 1 means presence of lesions. For Enzootic 
pneumomia, Pleurisy and Papular dermatitis, the higher the score, the more severe and extended are the lesions. 
The quality of the data recorded during meat inspection has been questioned in several studies. 
These studies have suggested a lack of inter-assessor reliability or a lack of sensitivity to detect 
certain health problems, but also the positive impact of training to improve lesion detection 
without specifically changing the scoring system itself (Wanda et al., 2013; Steinmann et al., 
2014). Moreover, one recently conducted study found meat inspection effective to detect affected 
animals and welfare issues; the probability of detection of diseases or health conditions, including 
ante and post mortem inspection, ranged between 0.33 to 0.95, but welfare issues were more 
likely to be detected during the ante-mortem inspection (Stark et al., 2014).  
The associations between different indicators of health and performance have also been assessed. 
Associations between different pathologies were identified by Sanchez-Vazquez et al. (2012) and 
associations between lesions of EP, pleurisy and pleuropneumonia and positive serological tests 
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for PPRS or H1N2 were also identified (Holt et al., 2011). Another study identified association 
between salmonella infection and EP-like lesions, pericarditis, peritonitis and milk spot, 
suggesting a possible synergistic relationship (Smith et al., 2011a). BHPS lesions were also 
associated to low carcass weight at slaughter (Holt et al., 2011). However, very little information 
exists regarding the association between BPHS data, welfare indicators and biosecurity. 
Understanding the inter-connection between these indicators would improve our knowledge 
regarding production diseases. The current scientific evidence suggests that the results of post 
mortem inspection provide an efficient tool to assess herd health but, considering that the 
prevalence of production diseases are generally connected to a decline in welfare and 
productivity, indicators measuring the prevalence of these two parameters could be additionally 
used to assess the impact of such diseases.  
1.2.2   Indicators of production performance  
1.2.2.1  Indicators of performance for fattening pigs  
Several parameters measure fattening pig performance and affect profitability: mortality, average 
daily gain (ADG), feed conversion ratio (FCR), duration of the fattening period, and are therefore 
accepted as good indicators of performance (Maes, 2001; Kyriazakis and Whittemore, 2006; De 
Lange et al., 2009). Data recording can be overwhelming for farmers. Some basic data tend to be 
systematically collected by the farmers in commercial farms, aiming to increase profit, which 
make these performance indicators easily accessible for research purposes. These include starting 
and slaughter weight to measure the ADG, and total feed intake of a batch to calculate the FCR 
(Leen et al., 2017). Moreover, recording of mortality is a requirement for farmers, as farmers not 
respecting EU law on animal health or farmers not respecting requirements of the quality 
assurance scheme to which they belong will see the support they receive reduced or might be 
excluded from their quality assurance scheme. This should facilitate access to this parameter in 
order to conduct further analysis. However, compliance with legal requirements for data 
recording is not always appropriately applied by farmers (Escobar and Demeritt, 2015). 
 A decline in health and performance is associated with economic losses (Newmann et al., 2005; 
Magowan et al., 2007), which explains their particular interest for the pig industry. As suggested 
previously, a decline in performance should be considered as a production disease since it reveals 
the impact of production diseases with sub-clinical expression. For example, only 20-35% of a 
pig herd infected by H1N1 show typical symptoms of the disease (Brown, 2000). As with many 
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other infectious diseases, PCV2 subclinical infection includes a decrease in average daily weight 
gain with no clear clinical signs or histopathological lesions (Alarcon et al., 2013). Moreover, 
treatment against intestinal pathogens administered earlier in the weaning period resulted in better 
ADG (Weber et al., 2017), showing the importance of monitoring performance in order to 
monitor subclinical expression of production diseases or dietary inadequacy that could lead to 
production disease. Subclinical disease can be also indicated by alterations in immune system 
parameters, including cell-mediated response and cytokine production, which are important in 
defence against infection in pigs (Pomorska-Mol et al., 2014, Correas et al., 2017). Following 
experimental infection by H1N1 influenza virus, the level of acute phase proteins, mediated by 
pro-inflammatory cytokines, increased after the infection but piglets did not show a decline in 
their general health status or food intake (Pomorska-Mol et al., 2012). However, another study 
suggested that both the concentration of cytokines and the viral load play a role in the severity of 
the lung lesions (Pomorska-Mol et al., 2014), and the severity of lung lesions tended to decrease 
production performance in the study of Brewster et al. (2017); this supports the suggestion that 
internal changes related to disease infection, including inflammatory response, can be revealed by 
production performance.  
Several health issues have also been connected to a decrease in production performance. Higher 
prevalence of enzootic pneumonia and pleurisy (Regula et al., 2000; Brewster et al., 2017), and 
gastro-intestinal infection (Adewole et al., 2016) have been associated with lower performance in 
previous studies.  This further illustrates that the impact of different production diseases can be 
captured through production performance.  However, biosecurity measures, which influence 
disease challenges and disease prevalence, were not connected to all production parameters in the 
study of Postma et al. (2016b), suggesting that production performance depends on severeal 
parameters The level of biosecurity needs to be further assessed in order to better understand the 
impact of production diseases.  
1.2.2.2  Indicators of performance for breeding pigs  
Production performance data are collected on a more regular basis for the breeding herd than for 
the finishing herd, and the quality of the data have been improved thanks to new software and 
technologies. Number of litters per sow per year, number of piglets born, the number of piglets 
born alive and the number of pigs weaned per sow, as well as pre- and post- weaning mortality, 
are usually collected by commercial pig farms to benchmark their productivity (AHDB, 2014; 
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Koketsu et al., 2017). Sow performance data and piglet mortality in particular have been widely 
explored in the literature, including the impact of different risk factors (Knecht et al., 2015) and 
the influence of the level of biosecurity (Postma et al., 2016a). However, as shown by Baxter and 
Edwards (2016), piglet mortality tends to increase with the number of piglets born alive 
suggesting several limitations connected to the increase of litter size, such as the reduction of 
placental area and lower maturity of the newborns at birth (Rootwelt et al., 2013).  Moreover, the 
increase in the number of piglets weaned over recent decades is largely due to the increase in the 
number of piglets born instead of a reduction in mortality (Edwards, 2002). Therefore, piglet 
mortality highlights the loss hidden behind the improvement of productivity and raises an ethical 
issue arising from higher sow performance. This suggests that productivity assessed through the 
prism of piglet mortality, instead of the number of piglets produced, could give a clearer view of 
some weaknesses of farming intensification.  
Born weaker, with lower weight and vitality, the piglets from larger litters may be exposed to 
higher risk of death (Herpin et al., 2002, Douglas et al., 2013). The breed of the sow, parity, litter 
size, placental weight and area, location in the uterus, prenatal nutrition, duration of farrowing, 
farrowing management, piglet management strategies, infectious diseases, environment and 
genetics have all been identified as risk factors for piglet mortality (Milligan et al., 2002; Rehfeldt 
and Kuhn, 2006; Alonso-Spilsbury et al., 2007; Canario et al., 2007; Beaulieu et al., 2010; 
Rootwelt et al., 2013). While crushing and stillbirth have been identified as the main causes of 
mortality, misclassification of piglets regarding the different causes of death has often been 
reported in the literature (Vanderhaeghe et al., 2010; Westin et al., 2015). A standardized 
methodology should therefore be used to accurately assess the prevalence of the different causes 
of mortality in order to capture the complexity of piglet mortality issues. Moreover, although the 
different causes of death have been studied individually, the piglet mortality pattern across 
different farms need to be clarified in order to better develop targeted strategies for intervention. 
Although piglet mortality represents a good indicator of production diseases and performance in 
breeding herds, this particular issue needs to be assessed in a more integrated manner in order to 
identify the best strategies to improve piglet survival. 
1.2.3   Indicators of welfare 
Welfare friendly agricultural systems can be poorly understood by consumers and consumer 
perception can be influenced by many factors (Popa et al., 2011; Clark et al, 2017; Erian and 
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Phillips, 2017). The food attributes sought by the consumer are not easily recognizable at the time 
of purchase or consumption (Saitone and Sexton, 2017). Concerns about intensive animal 
production systems, and increased interest in animal welfare, have encouraged the development 
of food standards and welfare standards (Lundmark et al., 2014). Quality Assurance schemes 
which demonstrate the farmer’s commitment to quality assurance principles to ensure food safety, 
quality and respect for animal welfare grew up in response to consumer demands for recognizable 
welfare-friendly, safe and high quality food (Peet, 2002). The strict compliance with these quality 
assurance principles is regularly controlled through assessment by independent assessment teams.  
Moreover, feedback results from farm audits have been recognized as a helpful tool for the farmer 
to identify welfare and health issues and implement remedial strategies (Main et al., 2007; 
Blokuis et al., 2010).  Quality Assurance schemes were rapidly developed, especially in countries 
oriented to meat exports (Wood et al., 1998), and have become an important part of the food 
supply chain. Farm Assurance was defined as “the application of the quality assurance principles 
to schemes at farm level and/or schemes which apply along the food chain, at market, in transit 
and up to the point of slaughter” (Farm Animal Welfare Council, 2001) with welfare considered 
as a key part of the standards. This highlights the need for scientifically grounded methodology to 
define and assess animal welfare.  
Different opinions and perceptions exist regarding animal welfare (Fraser et al., 2008; 
Vanhonacker et al., 2008; Tuyttens et al., 2010). Originally, welfare was assessed through 
resource-based measures, but the complexity to assess the multifactorial impact of environmental 
variables on animal welfare and set animal welfare standards based on these variables has led to 
further developments in animal welfare assessment (Webster et al., 2004). The difficulty to 
provide detailed housing requirements and management procedures in legislation of husbandry 
practices led the European Commission to focus on animal-based outcome measures (Blokhuis et 
al., 2010),  which are considered to be a better alternative to measure animal welfare compared to 
resource-based measures (Whay et al., 2003; EFSA, 2012).  Farmer preference for a European or 
worldwide system to assess animal welfare, and public concern about industrial farming (Veissier 
et al., 2008; Blokuis et al., 2010), highlighted the necessity to develop a standardized 
methodology to assess animal welfare on-farm. Manning et al. (2006) suggested benchmarking 
quantitatively different steps in the food supply chain in order to improve the quality of meat 
production. At farm level, the new approach based on animal-based measures was first applied in 
the EU Welfare Quality® project, which aimed to define animal-based criteria of good welfare 
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based on scientific evidence and stakeholder views, and to integrate these criteria into an overall 
assessment. From this project a definition of animal welfare has emerged, based on 4 principles: 
good feeding, good housing, good health and appropriate behaviour, subdivided in 12 criteria. 
Standardized measures, which were applicable under commercial conditions, were developed for 
all criteria (Blokhuis et al., 2010). However, completing a full assessment could take up to 8 
hours, making it difficult to implement on a large number of farms and suggesting that it is 
necessary to reduce the number of parameters in order to implement it on a large scale. 
 On-farm assessment is subject to many constraints; in order to be well accepted and facilitate its 
implementation, a welfare assessment must be cheap, quick and flexible (Edwards, 2007).  For 
this reason, the possibility of using a restricted list of welfare indicators has been investigated 
(Heath et al., 2014; Munsterhjelm et al., 2015a). Munsterhjelm et al. (2015a) conducted a study to 
attempt to demonstrate the possibility of establishing a shortlist of animal-based measures used in 
the Welfare Quality project to reduce the time of the welfare assessment and adapt the system to 
on-farm use. This was undertaken, based on a statistical methodology, by identifying welfare 
problem types in the form of shortlists of attributes measuring a common phenomenon. In a UK 
project, a protocol was developed for on-farm welfare assessment, based on animal-based 
measures validated by experts (Main et al., 2007). Mullan et al. (2009a, 2009b) assessed the 
possibility of estimating the prevalence of a few key welfare outcome measures on finishing pig 
farms in the UK and identified low redundancy between measurements. Tail lesions  and wounds 
found on other parts of the pig’s body, have been identified as “iceberg indicators” for pig welfare 
(Spoolder et al., 2011), and have been repeatedly used in the short list of animal-based measures 
to assess animal welfare (Whay et al., 2007; Mullan et al., 2009a, 2009b; Munsterhjelm et 
al.,2015a). These “iceberg indicators” are usually chosen because they reflect a series of other 
welfare and health issues and enable the prediction, with some degree of subjectivity, of the 
overall welfare state of the animals. Moreover, the assessment of the prevalence of other welfare 
outcomes, such as pigs requiring hospitalization or lameness, which are not significantly 
correlated to tail or body lesions, appeared to be complementary measures that could be used to 
identify different welfare issues in pigs. 
 The low prevalence, and the variability of the prevalence of the different welfare outcomes 
between pens, suggests a large number of pens and a large number of pigs in the pens should be 
targeted to obtain an accurate estimate which characterises a farm (Mullan et al., 2009a). Several 
 13 
 
studies have been conducted to assess the intra- and inter-observer reliability in recording of key 
welfare outcome measures (Mullan et al., 2011a; Temple et al., 2012), showing that good 
reliability between observers could be achieved if they received adequate training. The prevalence 
of several welfare outcomes on commercial farms has been studied in different countries such as 
UK, France and Spain (Whay et al., 2007; Courboulay et al., 2009; Kilbride et al., 2009b; Temple 
et al., 2012) and has rarely exceeded 1% when only severe lesions were considered. This 
confirmed the need for well-designed and large samples to accurately estimate their prevalence. 
The farm prevalence of minor lesions could reach up to 90% (Whay et al., 2007) and might 
require smaller samples but the connection between such lesions and animal welfare is less 
straightforward and more difficult to interpret. 
The British pig industry was the first to conduct an assessment of pig welfare at national level 
(Farm Animal Welfare Council, 2001). Based on the underpinning research, the “Real Welfare” 
project developed a welfare assessment protocol to assess pig welfare on-farm as part of the Red 
Tractor Assurance Scheme. Red Tractor Pigs Scheme Standards are “part of the Red Tractor Food 
Assurance Scheme assuring food safety, animal welfare, hygiene and environmental protection 
through every part of the food chain” in the UK (Red Tractor Assurance, 2014). The “Real 
Welfare” assessment scheme has been carried out since 1st April 2013 by vets from the Pig 
Veterinary Society, as part of their quarterly farm visits which are a requirement of the Red 
Tractor Scheme. This project was created in order to communicate scientifically grounded 
welfare standards to the different stakeholders. The assessment is based on 5 main measures 
(prevalence of lameness, number of pigs requiring hospitalization, with severe tail lesions with 
severe body marks and enrichment use ratio) and is applied in most of the commercial pig farms 
in the UK (farms with at least 300 fattening pigs) (http://pork.ahdb.org.uk/health-
welfare/welfare/real-welfare/). However the data collected by the scheme have yet to be analysed 
and no information related to the changes of the prevalence of the different welfare outcomes 
over time are currently available. The average prevalence in the UK for all welfare outcomes, the 
characteristics of the population of pig farms involved in the Scheme and the risk factors for 
higher prevalence of the welfare outcomes also need to be investigated. Information collected by 
the Real Welfare Scheme on the farm characteristics represents a good opportunity to identify 
risk factors for higher prevalence of the different welfare outcomes for a population of farms 
representative of the commercial pig farms in the UK. A welfare assessment, combined with a 
scientifically grounded approach to analyse the output, will strengthen the validity of the scheme. 
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For this reason, the output of the “Real Welfare” protocol needed to be further assessed through 
statistical analysis. Moreover, the connection between Real Welfare data and other indicators of 
health, performance and environmental impact collected on farm or at the abattoir have not been 
explored and would be essential to further understand the importance of pig welfare in the pig 
industry. 
1.3   The challenge of collecting and connecting data from different sources. 
1.3.1   Associations between production diseases, welfare and performance 
Associations between indicators of health, welfare, performance and the production environment 
have been identified in previous studies; different health and welfare parameters were 
significantly correlated in some studies (Holt et al., 20011; Munsterhjelm et al., 2015a). Different 
measures of animal health, such as high antibody titre, the frequency of lung lesions (Regula et 
al., 2000), pleuropneumonia-like lesions (Sibila et al., 2014) or antibiotic usage (Postma et al., 
2016b) have been connected to production parameters, such as average daily gain (ADG), and 
also to the level of external biosecurity (Postma et al., 2016b). Welfare parameters have also been 
associated with production performance such as the prevalence of tail lesions with back-fat levels 
(Moinard et al., 2003; Sinisalo et al., 2012) and lung lesions (van Staaveren et al., 2016)). 
However, there is room for improvement regarding the understanding of inter-connections 
between environment, health, welfare and performance, which have seldom been assessed in an 
integrated manner, because of the difficulty of combining all the measurements required in a 
single study. Large quantities of data on different aspects of livestock production are routinely 
recorded by different stakeholders: farmers, veterinarians, governmental institutions and private 
sector bodies, and could be used for this purpose. The value of these sources of information 
should be emphasized and the possibility of connecting and analysing these data in an integrated 
way needs to be further explored. 
1.3.2   The challenge of connecting different data sources 
In order to have a global view of production diseases, different indicators relevant for production 
diseases should be collected and the connection between these indicators should be better 
understood. Governmental institutions, farmers and different representatives of the pig industry 
record a large quantity of data regarding pig farm characteristics and pig production, with some of 
these data described in the previous paragraphs. These data are usually collected for purposes 
other than scientific research, and the form in which they are collected and stored differs widely. 
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However, this remains a large source of information and highlights the potential for secondary 
data analyses in order to use these data in the most sustainable way.   
Secondary data analysis arises from the disconnection between the persons who collect the data, 
not to answer a specific research question, and those that analyse it for the purpose of research 
(Boslaugh, 2007).  Secondary data analyses are largely used in public health research to answer 
research questions (Tripathy, 2013). The data enable researchers to conduct analyses which 
would have been extremely expensive and time consuming; sometimes impossible to conduct in 
the time allotted (Smith et al, 2011b; Grady et al., 2013). Moreover, data collected on the whole 
population, or from a sample representative of the population, are rarely achieved by researchers 
(Grady et al., 2013) and such data collected by governmental institutions give a good opportunity 
for a better overview of the population of interest. The difficulty to locate and access appropriate 
data (Boslaugh, 2007), and the challenge of connecting different databases (Grady et al., 2013), 
constitute a major concern in secondary data analysis and can represent important limitations to 
achieve a work of quality. Moreover, several other issues are connected to secondary data 
analysis, such as preserving confidentiality of individuals involved in the sample, manipulating 
the information without breaking confidentiality agreements, accuracy of the purpose of the 
analysis, missing relevant data, and period of data collection (Tripathy, 2013). The researchers 
who use such data have not usually participated either in the research design or the data collection 
process, meaning that the data are sometimes suboptimal for the subsequent research purpose. 
However, the ease of sharing data stored electronically allows researchers to easily receive these 
data and conduct analysis in order to address new research questions (Boslaugh, 2007). This 
requires a good system of identification of individual entries and records of sufficient descriptive 
characteristics, especially when answering a research question requiring the connection of several 
data sources. Sprague et al. (2017) highlighted that specific organisations usually have a good 
understanding of their own database but several issues emerge when attempting to connect these 
data with data from other organisations, due to missing or ambiguous information or lack of 
standardization. 
Considering the amount of information collected about pig farms in the UK by the Agricultural 
and Horticultural Development Board (AHDB), through the Real Welfare and the British Pig 
Health Schemes, by the Department for Environment, Food & Rural Affairs, by the farmers 
themselves and by different representatives of the pig industry, the accessibility and the 
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possibility of connecting and analysing these data for research purposes need to be explored. 
Collecting data incurs a significant cost which can limit the research conducted on certain topics. 
Using existing data can represent an alternative way to conduct research on different topics for 
which information has already been recorded by different organisations. Identifying specific 
barriers for accessing, connecting and analysing these data would represent a first step in possible 
suggestions to increase the utility of the data collection conducted by the pig industry. The 
connection of different data sources will also improve our understanding of the resources 
available for researchers working on pig farming and pig health. 
1.4   Thesis aims 
The main aim of this thesis is to identify risk factors forproduction diseases in pigs. The first 
objective was to collect information on indicators of health, welfare and performance from 
different UK data sources and assess the possibility to connect these data sources in order to 
better understand the impact of production diseases. Considering the novelty and the lack of 
analyses that have been conducted on the data collected about welfare from the UK Real Welfare 
Scheme, further analyses were conducted on these data. The second objective was related to one 
specific production disease, namely piglet mortality, as this represents one of the biggest 
challenges facing the pig industry and a standardized database which included details about the 
different possible categories of piglet mortality had been identified during the Prohealth project. 
Specific gaps identified in the literature regarding piglet mortality were addressed by collecting 
necropsy data from a French nutrition company. This dataset offered the possibility to explore 
piglet mortality in an integrated manner by classifying dead piglets in different categories. The 
different parts of this thesis therefore illustrate the possibilities for conducting valuable secondary 
data analyses to address issues in pig production. The specific aims of the thesis are: 
1. To connect different data sources to assess the associations between biosecurity, health 
and welfare and performance in commercial pig farms in Great Britain and better describe 
a possible methodology and challenges of connecting these data (Chapter 2) 
2. To analyse the data collected by the Real Welfare scheme since its implementation in 
April 2013. More precisely, to describe the changes of prevalence over calendar years of 
the different measures of welfare, as well as the characterisation of the farm population 
involved through different variables related to farm environment and management 
(Chapter 3). 
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3. To identify risk and protective factors for welfare outcomes in commercial pig farms in 
the UK based on the farm characteristics collected by the Real Welfare Scheme for a 
population of farms representative of the pig farms in the UK (Chapter 4). 
4. To identify different categories of piglet perinatal mortality in a sample of French pig 
farms with perinatal mortality problems, and to highlight the variation in the risk factors 
for the different categories of piglet death, instead of considering perinatal mortality as a 
single entity. Finally, to determine whether characteristic clusters of farms could be 
identified on the basis of their mortality patterns (Chapter 5). 
5. To identify different piglet management strategies between farms and to understand the 
impact of neonate management on different categories of piglet mortality in French farms 
(Chapter 6)
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Chapter 2 Connecting different data sources to assess the associations 
between biosecurity, health, welfare and performance in commercial pig 
farms in Great Britain 
2.1     Abstract 
By identifying possible links between on-farm data and large scale industry databases, this study 
aimed to provide a general overview of the inter-connections between biosecurity, health, welfare 
and performance in commercial pig farms in Great Britain. We collected on-farm data about the 
level of biosecurity and animal performance in 46 commercial pig farms between 2015 and 2016. 
We identified inter-connections between these data, slaughterhouse health indicators and welfare 
indicator records in fattening pig farms. After achieving the connections between databases, a 
secondary data analyses were performed to assess the associations between biosecurity, health, 
welfare and performance using correlation analysis, principal component analysis and 
hierarchical clustering.  
Although we could connect the different data sources the final sample size was limited, 
suggesting room for improvement in database connection to conduct secondary data analyses. 
The farm biosecurity scores ranged from 40-90 out of 100, with internal biosecurity scores being 
lower than external biosecurity scores. The initial correlation analysis showed that the prevalence 
of lameness and severe tail lesions was associated with the prevalence of enzootic pneumonia-like 
lesions and pyaemia, and the prevalence of severe body marks was associated with several 
disease indicators, including peritonitis and milk spots (r>0.3; P<0.05). Higher average daily gain 
(ADG) was associated with lower prevalence of pleurisy (r>0.3; P<0.05), but no connection was 
identified between mortality and health indicators. In the subsequent cluster analysis, farms from 
cluster 1 had lower biosecurity scores, lower ADG and higher prevalence of several disease and 
welfare indicators. Farms from cluster 2 had higher biosecurity scores than cluster 1, but higher 
prevalence of pigs requiring hospitalization and lameness which confirmed the correlation 
between biosecurity and the prevalence of pigs requiring hospitalization (r>0.3; P<0.05). Farms 
from cluster 3 had higher biosecurity, higher ADG and lower prevalence for some disease and 
welfare indicators. The study suggests a limited impact of biosecurity on issues like mortality, 
prevalence of lameness and the number of pig requiring hospitalization. The associations 
identified between health indicators, welfare outcomes and production performance highlighted 
the importance of animal welfare for the pig industry. 
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2.2     Introduction 
In the livestock sector, many data are collected by both public and private sector bodies for 
purposes other than research (FAO, 1997; Tripathy, 2013). These data may represent an 
opportunity to conduct secondary data analyses, and offer a cost-effective approach to address 
research questions (Smith et al., 2011b; Goodwin et al., 2012; Koo, 2016), including ones relating 
to animal health and welfare. Access to large sample numbers, recorded over long periods of 
time, time saving and lower cost are generally reported as some of the advantages of secondary 
data analysis (Smith et al., 2011b; Tripathy, 2013; Koo, 2016). These data can also be used to 
complete findings from a primary study (Koo, 2016). At the same time, several disadvantages 
have also been reported, including poor control of the studied populations and measures (Smith et 
al., 2011b). When using several data sources, the ability to connect the different databases will 
drive the quality of the study and can greatly affect the sample available to conduct the analysis. 
With the objective of using the available resources in a cost-effective and sustainable way, the 
potential for connection between different data sources related to pig health, welfare and 
performance needs to be assessed.  
Large datasets exist within the industry which document the prevalence of indicators of health 
and welfare collected on-farm or at the abattoir (ADHB, 2008, 2017). A few studies have 
investigated the connection between different abattoir data and carcass weight (Jaeger et al., 
2009; Holt et al., 2011; Brewster et al., 2017), but the connections between these data and 
extensive on-farm data have seldom been made. Associations between pig health, welfare and 
performance have been identified in many studies (Regula et al., 2000; Sinisalo et al., 2007; 
Brewster et al., 2017). For example, tail lesion prevalence, which is considered as one of the most 
important welfare indicators, has been connected to sneezing frequency (Munsterhjelm et al., 
2015a), acute phase protein titres and abscesses (Heinonen et al., 2010), and lung lesions (Van 
Staaveren et al., 2016). This suggests that tail biting might be connected to an inflammatory 
reaction resulting from the environment or from interactions with pen-mates. While biosecurity, 
health, welfare and performance have been well studied individually, they have seldom been 
assessed in an integrated manner and their connections need to be further explored. Moreover, 
connections between biosecurity and welfare in pig farms are still lacking in the literature. 
This study aimed at identifying possible connections between on-farm data and large scale 
industry databases holding complementary information, and aimed at understanding if better 
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welfare and biosecurity are connected to better health and performance. This was achieved by 
connecting data collected for different purposes over the same time period. Initially, a survey was 
conducted to collect on-farm data about animal performance and assess the level of biosecurity in 
commercial breeding and fattening pig farms in Great Britain. Subsequently, we identified the 
connections between these data collected on-farm and two different large scale industry databases 
holding information about commercial pig farms in Great Britain: indicators of health and welfare 
collected by Agricultural and Horticultural Development Board (AHDB) Pork for the British Pig 
Health Scheme (BPHS) and the data held for the Real Welfare Scheme. After achieving the 
connections between different databases, we conducted a secondary data analysis to assess the 
associations between biosecurity, health, welfare and performance in commercial pig farms in 
Great Britain.  
2.3     Materials and methods 
2.3.1    Sampling 
2.3.1.1      Farm classification. 
 The list of the county parish holding number (CPH) and the number of breeding pigs and 
fattening pigs of all pig farms in Great Britain was obtained from the Animal and Plant Health 
Agency (APHA), and the Scottish Government Rural and Environment Science and Analytical 
Services (RESAS) in 2014. The most recent data communicated for fattening pigs allowing us to 
perform farm classification based on the same year for the 3 countries (England, Wales and 
Scotland) were from 2010. The population figures (number of breeding pigs and number of other 
pigs) of all pig farms in these three countries were used to stratify the population similarly to the 
EUROSTAT classification (Marquer et al., 2014).   
The whole population of fattening pig farms was classified into 4 different groups according to 
herd size: Group 1:  small fatteners (no breeding pigs and less than 10 other pigs), Group 2: large 
fatteners (no breeding pigs; at least 400 other pigs), Group 3: large breeder-fatteners (at least 400 
other pigs and 100 breeding pigs), Group 4: all the other farms that could not be classified in 
Groups 1 to 3. In this analysis, breeding pigs were defined according to available data as sows, 
gilts, suckled or dry sows or dry sows kept for further breeding and gilts of 50kg and over 
expected to be used or sold for breeding. The other pigs were defined as all fattening pigs over 
20kg including barren sows. The whole population of breeding pig farms in England, Wales and 
Scotland was used to classify the farms into 2 groups as follows: Group A: specialized breeders 
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with no fattening pigs over 20 kg, Group B: breeding-fattening herds with at least one fattening 
pig over 20 kg in the herd.  
2.3.1.2      Sampling.  
We obtained 2 convenience samples: one with fattening pig farms (specialized fatteners and 
breeder-fatteners) and the other with breeding farms (specialized breeders or breeder-fatteners), 
with some overlap (breeding-fattening farms were included in both categories of farms). First we 
used a stratified random sampling to select fattening pig farms from the whole population of 
fattening pig farms. One thousand farms with fattening pigs were selected from the four different 
groups of fattening pig farms cited in the previous paragraph (targeting ~100 farms, based on no 
more than 10% positive response to participate in the study). In order to avoid the over-
representation of the smallest farms, we used a stratified random sampling in which the 
percentage of farms selected in each stratum was equivalent to the corresponding percentage of 
pigs in each group (1, 2, 3 and 4) for the whole population. This strategy was used to select the 
larger herds and reduce the number of farms from Group 1 and Group 4, which were of peripheral 
interest to the study. The CPH number of the selected farms was communicated to the AHDB, the 
custodian of farmer identity, which sent a letter to the selected pig producers to invite them to 
participate in the study. The farmer name and farm location remained confidential to the mailing 
body. Due to the low percentage of replies to the initial mailing, we had to recruit additional 
fattening farms by advertising online on the National Pig Association (NPA) website (a letter , 
similar to the one sent to the producers through AHDB, was shared online by NPA on their 
website) and contacting farms that had previously participated in similar studies.  The breeding 
farms were not originally part of the objective of this study. However, considering the number of 
breeder-fatteners visited in the fattening pig farm sample, a breeding farm sample was constituted 
afterwards, which also included the breeding-fattening farms from the fattening pig farm sample 
and was completed by additional specialized breeding farms not randomly selected.  
2.3.2    Data collection  
If the farmer agreed to participate in the study, the first step was to complete a biosecurity 
questionnaire (online or paper version) and communicate their name, address and phone number. 
We then arranged a convenient time for a farm visit to confirm the accuracy of the responses to 
the biosecurity questionnaire and to collect performance data (Table 2.1) for the year prior to the 
visit. Herd visits took place between July 2015 and December 2016. After the visits, the 
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prevalence of welfare indicators for the sample of fattening pig farms, collected during quarterly 
veterinary visits in 2015 and 2016, were acquired from the database of the AHDB Pork “Real 
Welfare” scheme (Pandolfi et al., 2017a) and the prevalence of different lesions recorded at the 
abattoir were acquired, for all batches assessed in 2015 and 2016, from the database of the AHDB 
Pork “British Pig Health Scheme” (BPHS) (http://pork.ahdb.org.uk/health-welfare/health/safe-
traceable-pork/bphs/) (Table 2.1). The connection between the farm ID and the BPHS and Real 
Welfare databases was processed by AHDB in order to maintain confidentiality. A diagram 
which summarizes the sampling and the data collection for fattening pig farms is presented in 
Figure 2.1. 
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Table 2.1 Production data for the study farms, collected during a farm visit, and health and 
welfare indicator data collected from the BPHS and Real Welfare databases of AHDB Pork.  
Performance data for breeding pigs 
PB (Number) piglets born1 
PBA (Number) piglets born alive1 
PW (Number) piglets weaned 1
Performance data for fattening pigs 
ADG (g/day) Average daily weight gain2 
FCR (ratio) Feed conversion ratio2
MOR (%) Mortality2 
Real Welfare data6 
Hosp (%) Percentage of pigs seen by the veterinarian that require hospitalization3 
Lam (%) Percentage of lame pigs3
Stl (%) Percentage of pigs with severe tail lesions3
Sbm (%) Percentage of pigs with severe body marks3 
BPHS data7 
ep (%) Enzootic Pneumonia4
pl (%) Pleurisy4 
pc (%) Pericarditis4 
pt (%) Peritonitis4 
ms (%) Milk Spot4 
hs (%) Hepatic Scarring4 
pd (%) Papular Dermatitis4 
tail (%) Tail-bitten4 
viral (%) Viral-type distribution4
ppa (%) Pleuropneumonia - Acute4
ppc (%) Pleuropneumonia - Chronic4 
abscess (%) Abscess4 
pyaemia (%) Pyaemia4 
ep score (%) Score Enzootic Pneumonia5  
pl score (%) Score Pleurisy5 
pd score (%) Score Papular Dermatitis5 
1 Average number per litter for the farm 
2Average for the farm from weaning to slaughter 
3 Estimated mean farm prevalence for 2015 and 2016 based on repeat samples of pigs selected to 
be representative of the farm  
 4 Estimated mean farm prevalence for 2015 and 2016 based on repeat samples of pigs selected at 
the abattoir 
5 Estimated mean scores for 2015 and 2016 based on repeat samples of pigs selected at the 
abattoir. For ep score, each lobe is designated a score, giving a total score between 0 and 55 
according to severity, pl score is scored (0-2) and pd score is scored (0-3) also according to 
severity. 
6 Percentage of pigs assessed in the farm for the years 2015-16 
7 Percentage of pigs in a sample of a batch at slaughter  
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Figure 2.1 Diagram representing the sampling and data collection. Data about biosecurity, health, 
welfare and performance were collected on-farm and from the Agricultural and Horticultural 
Development Board (AHDB) databases (British Pig Health (BPHS)and Real Welfare schemes). 
The sampling was based on farm census data from the Animal and Plant Health Agency (APHA) 
and the Rural and Environmental Science and Analytical Services (RESAS). 
 
2.3.3    Biosecurity scoring tool 
The level of farm biosecurity was assessed using a risk-based scoring tool which was a slightly 
modified version of « Biocheck-UGhentTM » (http://www.biocheck.ugent.be/v4/about/pig/) 
(Laanen et al., 2013). The risk-based scoring tool is a questionnaire with 130 questions. Fifteen 
questions are used to collect contact information and data about herd characteristics (Herd ID, 
presence of other animals, number of breeding pigs, number of weaners, number of fattening 
pigs, number of boars, number of years of working experience working with pigs, number of 
people working on the farm in full time equivalents (FTE)). The answers of all the other 115 
questions were translated into a score between 0 and 10 according to the relative importance of 
the question regarding farm biosecurity and disease prevention (Laanen et al., 2013). The 115 
questions were grouped into 12 different sub-categories: A. Purchase of animals and semen; B. 
Transport of animals, removal of manure/dead animals; C. Feed, water and equipment supply; 
D. Personnel and visitors; E. Vermin/bird control; F. Environment and region; G. Disease 
management; H. Farrowing period; I. Nursery, J. Fattening pigs; K. Measures between 
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compartments and the use of equipment; L. Cleaning and disinfection. The sub-categories have 
specific weight factors according to the relative importance for disease prevention, giving a score 
for external biosecurity (EXT) based on the score of the categories A to F and a score for internal 
biosecurity (INT) based on the score of the categories G to L. The total biosecurity (TOT) score 
was the average of the internal and external biosecurity score.  
2.3.4    Statistical analysis 
2.3.4.1      Farm description 
Using the methodology of classification described in Section 2.3.1.2, the sample of farms that 
participated in the study was compared to the proportion of farms in the different groups (Groups 
1, 2, 3&4 for fattening pigs and Group A & B for breeding pigs) in the national pig population 
using Fisher or Chi Square tests. The null hypothesis H0 was: “No difference in the proportion of 
farms in the different groups between the whole population and the sample”. If P < 0.05 the null 
hypothesis was rejected. 
For the sample of farms (fattening farms and breeding farms), the correlations between herd 
characteristics were identified. First, a Shapiro test was used to assess the normality of the 
different variables. When P > 0.05 in the Shapiro test, Pearson correlation coefficients were 
calculated. When P < 0.05 in the Shapiro test for at least one of the variables, Spearman rank 
correlation coefficients were calculated. The correlation was considered significant if the 
correlation coefficient r > |0.3| and P < 0.05, and considered strongly correlated if r > |0.6| and P < 
0.05. 
2.3.4.2      Biosecurity score and farm types 
We assessed the association between internal, external and total biosecurity scores (dependent 
variables) with the different independent variables related to farm characteristics (farm system, 
presence of other animals, number of breeding pigs, number of weaners, number of fattening 
pigs, number of boars, years of experience, people working (as FTE) using univariate regression 
analysis. All the variables with P < 0.25 were retained for a multivariate analysis. We used a 
stepwise variable selection to build the final model and we also tested the interactions between 
the dependent variables by calculating the variance inflation factors. The association between the 
dependent variables and the independent variables was considered significant if P <0.05. Finally, 
we calculated the biosecurity score for each production type (breeders, weaners & fatteners; 
breeders only or breeders & weaners; weaners & fatteners; fatteners only). 
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2.3.4.3      Associations between biosecurity scores, health indicators, welfare outcomes and 
production performance. 
The correlations between total and individual scores of internal and external biosecurity were 
assessed separately for the fattening pig farms and the breeding pig farms. The correlations 
between total, internal and external biosecurity score, the health indicator prevalence from BPHS 
data, the welfare outcomes and the production performance (Table 2.1) were assessed using 
Pearson or Spearman correlations.   
In order to provide an overview of the inter-connection between biosecurity score, the BPHS 
data, welfare outcomes and production performance in the sample of fattening pig farms, a 
Principal Component Analysis (PCA) was used. For the PCA, 13 variables were considered in 
order to broadly cover the overall biosecurity level, the main indicators of performance that could 
be collected in most of the farms, all welfare issues recorded by the Real Welfare project and the 
most prevalent abattoir lesions. These indicators were the main biosecurity scores (INT, EXT, 
TOT), production performance (ADG, FCR, MOR), welfare outcomes from Real Welfare 
dataset (hosp, lam, stl, sbm), the prevalence of enzootic pneumonia and pleurisy from BPHS 
dataset (ep, pl) and the prevalence of tail-biting lesions (tail) (Table 2.1). Tail-biting lesions 
(recorded at the abattoir) were included to allow assessment of the connection with the on-farm 
prevalence of the welfare outcome of severe tail lesions (stl) in the Real Welfare dataset. 
We imputed missing entries using the iterative PCA algorithm. The two first components from 
the PCA, considered as the most discriminating, were selected and the cumulative percentage of 
inertia was calculated for these components. Then we plotted the farms and the variables on the 
factor map. We used an Ascendant Hierarchical Clustering (AHC), based on the selected 
principal components of the PCA, in order to place individual farms into different clusters. The 
clustering was achieved based on the “Ward” criteria. Then, the sum of the within-cluster inertia 
was calculated for each partition. The number of clusters corresponds to the partition with the 
higher relative loss of inertia (i(clusters n+1)/i(cluster n)) which was identified according to the 
length of the tree branches on a hierarchical tree. Anova or Kruskal-Wallis tests and post-hoc 
pairwise comparisons using Tukey and Kramer (Nemenyi) tests with a Tukey-Dist approximation 
were used to assess the differences between clusters in production performance, biosecurity 
scores, the prevalence of the BPHS lesions (included the ones not used in the PCA) and of the 
different welfare outcomes. Differences were considered significant if P≤0.05. 
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2.4     Results 
2.4.1    Sample of fattening and breeding pig farms 
The number of fattening and breeding farms in each classification group (Groups 1, 2, 3&4 for 
fattening pigs and Group A & B for breeding pigs) for the whole population and in the study 
sample is reported in Tables 2.2 and 2.3 respectively. As expected, the proportion of fattening pig 
farms in the 4 different groups was different between the whole population figure and the sample 
(P<0.05), since we sampled according to the proportion of pigs rather than farms. Thus the 
sampled fattening pig farms belonged mainly to group 2 (0 breeding pigs and ≥ 400 fattening 
pigs) and group 3 (≥ 100 breeding pigs and ≥ 400 fattening pigs); the sample represents mainly 
the fattening pig farms with the bigger herds. The proportion of breeding pig farms in the two 
different groups was also different between the whole population figure and the sample (P<0.05). 
The sample had a higher percentage of farms from group B (breeder-fatteners), which represented 
the larger breeding herds in the pig farm population.  
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Table 2.2 Number of farms and number of pigs per classification group1 in the whole population (Pop.) and in the study sample 
(Samp.) of fattening pig farms. The whole population figure is based on the data collected in 2010 for England, Scotland and Wales. 
The sample is based on the farms visited in Great Britain between 2015 and 2016. 
Group 1 
Pop. 
Group 1 
Samp. 
Group 2 
Pop. 
Group 2 
Samp. 
Group 3 
Pop. 
Group 3 
Samp. 
Group 4 
Pop. 
Group 4 
Samp. 
Total 
Pop. 
Total 
Samp. 
Number of 
fattening pig farms 1 848 1 806 19 603 17 10 556 3 13 813 40 
Percentage of 
fattening pig farms 13.4 2.5 5.8 47.5 4.4 42.5 76.4 7.5 100 100 
Total number of  
pigs 5 691 4 1 158 028 62976 1 066 601 92447 295 661 2460 2 525 961 157 887 
Percentage of pigs 0.2 <0.01 45.8 39.9 42.2 58.6 11.4 1.5 100 100 
1 Group 1:  small fatteners (no breeding pigs and less than 10 other pigs), Group 2: large fatteners (no breeding pigs, at least 400 other 
pigs), Group 3: large breeder-fatteners (at least 400 other pigs and 100 breeding pigs), Group 4: other farms 
 
Table 2.3 Number of farms and number of pigs per classification group1 in the whole population (Pop.) and in the study sample 
(Samp.) of breeding pig farms. The whole population figure is based on the data collected in 2010 for England, Scotland and Wales. 
The sample is based on the farms visited in Great Britain between 2015 and 2016. 
  
Group a 
Pop. 
Group 
a Samp.
Group b 
Pop. 
Group b 
Samp. 
Total 
Pop. 
Total 
Samp. 
Number of breeding pig farms  2 698 6 3 512 22 6 210 28 
Percentage of breeding pig farms  43.4 21.4 56.6 78.6 100 100 
Number of breeding pigs  106 668 5 658 367 782 8 755 474 450 14 413 
Percentage of breeding pigs 22.5 39.3 77.5 60.7 100 100
  1 Group a:  breeding only, Group b: breeding-fattening farms  
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2.4.2    Description of the sample of farms and connection of the data sources 
We recruited 46 farms for the study (18 specialized fatteners (weaners & fatteners or fatteners 
only), 22 breeder-fatteners & 6 specialized breeders), providing one sample of 40 fattening pig 
farms and one sample of 28 breeding farms, with 22 farms (breeders-fatteners) that were included 
in both categories. From the 1000 farms initially sampled, only 902 were present in the AHDB 
dataset. Only, 35 farms recruited by the stratified random sampling consented to participate in our 
study; this was lower than the expected participation. Five additional fattening farms were 
recruited by advertising online on the National Pig Association (NPA) website or contacted 
because they were involved in a previous study. Twenty-two breeding farms were recruited from 
the fattening pigs sample and 6 breeding farms were additionally recruited through advertising or 
directly contacted. Of the 40 fattening farms in the final study sample, only 28 could be identified 
by AHDB in the Real Welfare and BPHS databases. 
Among the 46 farms (fattening pig farms and breeding pig farms), 16 farms had other animals: 14 
had sheep or lambs, 10 had beef or cattle and one had poultry. The description of herd 
characteristics (first part of the questionnaire) is reported in Table 2.4. None of the variables 
related to herd characteristics were normally distributed. As would be expected, there were strong 
inter-correlations between the number of boars, the number of breeding pigs, weaner pigs and 
number of employees (r >0.6, P < 0.05), but the number of employees was not correlated to the 
number of fattening pigs or to the number of years of experience of the farmer (r <0.3, P > 0.05). 
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Table 2.4 Description of the herd characteristics for the study sample of fattening and breeding 
pig farms in Great Britain. 
Fattening pig farms 1 
  mean SD median min max 
Number of breeding pigs 219 269 105 0 1000 
Number of weaners 1166 1194 904 0 4600 
number of fattening pigs 2003 1397 1700 2 6200 
Number of boars 3 4 3 0 15 
Years of experience 30  13 30 2 60 
Number of employees (FTE) 2.8 1.7 2 0.6 7 
Breeding pig farms 2 
  mean SD median min max 
Number of breeding pigs 515 370 435 85 1700 
Number of weaners 1776 1443 1500 0 5400 
Number of fattening pigs 1553 1567 1425 0 6200 
Number of boars 8 7 6 3 33 
Years of experience 31 12 30 3 60 
Number of employees  (FTE) 4.0 1.6 4.0 1.5 7 
1 40 fattening pig farms (specialized fatteners and breeder-fatteners) 
2 28 breeding pig farms (specialized breeders and breeder-fatteners) 
 
2.4.3    Inter-relationships between biosecurity scores, health indicators, welfare outcomes and 
production performance.  
2.4.3.1      Description of biosecurity scores, health indicators, welfare outcomes and 
production performance.  
The different biosecurity scores for all pig farms (breeding farms and fattening pig farms) are 
presented in Table 2.5. The total biosecurity score ranged from 40.1 to 89.5 (on the scale of 0 to 
100). The highest mean sub-category score was for score A (purchase of animals and semen) and 
the lowest mean score was for score H (farrowing period). 
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Table 2.5 Description of Internal, External biosecurity score, their respective sub-category scores and the total biosecurity scores for a 
sample of fattening and breeding pig farms in Great Britain visited in 2015-16. 
Fattening pig farms (n=40) Breeding pig farms (n=28) 
   mean SD median min max mean SD median min max 
A. Purchase of animals and semen 1 92.1 9.31 95.7 72.8 99.8 90.8 10.6 96.7 73 99.8
B. Transport of animals, removal of 
manure/dead animals 1 76.4 11.3 78.3 41.6 95.7 77.3 10.6 78.7 54 95.7
C. Feed, water and equipment supply 1 55.9 21.8 53.6 14.3 100 55.0 23.4 51.8 14 100 
D. Personnel and visitors 1 63.5 19.9 64.7 14.7 100 66.3 20.8 67.6 18 100 
E. Vermin/bird control 1 67.3 21.5 72.8 27.3 100 61.4 21.8 63.7 27 100 
F. Environment and region 1 85.9 19.3 85 10 100 88.2 15.2 90.0 30 100 
External biosecurity score 74.5 7.89 74.8 54.5 90.5 74.4 6.95 74.8 55 84.5
G. Disease management 2 80.3 20.7 80 0 100 80.0 21.8 80.0 0 100 
H. Farrowing period 2 27.9 26.4 33.9 0 78.5 43.1 18.4 39.3 0 67.8
I. Nursery 2 43.2 32 53.6 0 89.3 57.2 23.8 60.7 0 89.3
J. Fattening pigs 2 56.7 36.3 78.5 0 100 47.4 36.6 42.8 0 100 
K. Measures between compartments and the 
use of equipment 2 49.3 18.3 46.4 14.3 100 45.6 15.4 46.4 17.9 85.7
L. Cleaning and disinfection 2 66.8 24.5 72.5 0 100 59.2 24.1 61.3 0 95.0
Internal biosecurity score 60.5 14.4 59.6 25.7 89.9 55.9 12.0 57.1 29.0 87.0
Total biosecurity score 67.5 10 68.3 40.1 89.5 65.1 8.15 65.4 43.8 83.8
1 External biosecurity sub-categories 
2 Internal biosecurity sub-categories 
For the fattening pig farms, the mean ADG, FCR and MOR were 772(±104) g/day, 2.45(±0.39)kg of feed/kg of weight gain and 
3.6(±1.5)% respectively. For the breeding pig farms, the mean piglets born (PB), piglets born alive (PBA) and piglets weaned (PW) 
per litter were 13.67(±0.88), 12.89(±0.73) and 11.47(±0.74) respectively.  The description of the mean prevalence of the welfare 
outcomes for 2015-2016 is reported in Table 2.6. 
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Table 2.6 Number of pigs assessed and prevalence (%) of pigs requiring hospitalisation, lame 
pigs, pigs with severe tail lesions and severe body marks for 2015-16 in the study sample of 
fattening pig farms (n=28). 
   mean SD median min max 
Number of pig assessed* 3028 2208 2840 300 8858 
Pigs requiring hospitalization (%) 0.03 0.04 0 0 0.14 
Lameness (%) 0.1 0.23 0 0 0.91 
Severe tail lesions (%) 0.23 0.43 0 0 1.51 
Severe body marks (%) 0.23 0.31 0.11 0 1.04 
 *For units of 300 finisher places or less, a minimum of 300 pigs should be sampled each year; for units of 900 
finisher places or more, a total of 900 pigs should be sampled per year; for units of 300-900 finisher places, a 
representative proportion should be sampled per year: 30% on an average. 
The mean prevalence of the different lesions recorded in BPHS data during the two years of the 
farm visits (2015 and 2016) and the mean lesion scores for enzootic pneumonia, Pleurisy and 
Papular dermatitis are reported in Table 2.7. The two most common lesions were enzootic 
pneumonia (ep) and Pleurisy (pl), recorded in 15.30 and 4.72 % respectively of pigs assessed. 
Table 2.7 Prevalence (%) of the 13 pathologies recorded in BPHS data and mean scores of 
Enzootic pneumonia, Pleurisy and Papular dermatitis for a sample of fattening pig farms in Great 
Britain visited in 2015-16 (n=28). 
   mean SD median min max 
EP-like lesions (%) 15.30 11.65  12.61  0  52.17
Pleurisy(%)  4.72  5.75  3.00  0  28.78
Pericarditis(%)  1.79  1.12  1.55  0  4.65 
Peritonitis(%) 0.15  0.28  0.01  0  1.10 
Milk spots(%) 0.05  0.12  0.00  0  0.45 
Hepatic Scarring(%)  1.40  2.46  0.38  0  9.18 
Papular Dermatitis(%)  1.30  4.07  0.00  0  17.35
Tail-bitten(%)  0.67  1.99  0.00  0  8.19 
Viral-type distribution(%)  0.17  0.35  0.00  0  1.30 
Pleuropneumonia - Acute(%)  0.12  0.19  0.00  0  0.65 
Pleuropneumonia - Chronic(%)  0.08  0.21  0.00  0  1.08 
Abscess(%)  0.16  0.25  0.02  0  1.17 
Pyaemia(%)  0.08  0.15  0.00  0  0.50 
Score Enzootic Pneumonia1   3.11  2.86  2.69  0  14.17
Score Pleurisy1  0.11  0.10  0.09  0  0.45 
Score Papular Dermatitis1  0.04  0.12       0.00  0  0.58 
1ep score is scored (0-55), pl score is scored (0-2) and pd score is scored (0-3) according to the 
severity of the lesions. 
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2.4.3.2      Associations between biosecurity scores and farm types 
The only scores which were normally distributed (Shapiro-test P>0.05) were internal biosecurity 
score, external biosecurity score, total biosecurity score, score C (feed, water and equipment 
supply) and score D (Personnel and visitor). The correlations between different biosecurity scores 
for the fattening farms are reported in Appendix A.1, and those for the breeding farms in 
Appendix A.2. External biosecurity score was strongly correlated to scores for the sub-categories: 
B. Transport of animals, removal of manure/dead animals; C. Feed, water and equipment supply; 
D. Personnel and visitor (P<0.05, r>0.6). Total biosecurity and internal biosecurity scores were 
strongly correlated and were also strongly correlated to external biosecurity score and scores for 
the sub-categories:  J. Fattening pigs; K. Measures between compartments and the use of 
equipment; L. Cleaning and disinfection (P<0.05, r>0.6).  
The total biosecurity score was 6.2/100 units lower when other animals were present in the herd 
(P<0.05). After the stepwise backward selection procedure, no other farm characteristic variables 
were included in the final model. Only borderline results were found for internal biosecurity. The 
internal biosecurity score tended to be 8.1 units lower when other animals were present in the 
herd (P=0.056) and increased by 0.3 when the fattening pig herd size increased by 100 (P=0.054). 
No significant association was identified between the external biosecurity scores and farm 
characteristics (P>0.05). Regarding the influence of farm type on biosecurity scores, the 
univariate analysis showed a borderline result with higher internal biosecurity score for the farms 
with fatteners only (P=0.06); more likely to be all-in/all-out (AIAO). However, the farm types 
were not significantly different when other variables were considered (Table 2.8). 
 
Table 2.8 Internal (INT), external (EXT) and total (TOT) biosecurity scores for the different 
types of farm. The scores are out of a maximum of 100 for a sample of pig farms in Great Britain 
visited in 2015-16. 
  
Breeders 
 weaners &
fatteners 
Breeders only or 
 breeders & weaners 
Weaners & 
 fatteners 
Fatteners  
only 
EXT  73.0(±7.17) 79.3(±2.86) 74.1(±12.22) 75.4(±6.01) 
INT  55.3(±13.3) 58.1(±5.42)  66.0(±20.63)  69.3(±7.96) 
TOT  64.2(±8.87) 68.7(±2.97)  70.0(±16.11)  72.3(±5.13) 
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2.4.3.3      Associations between biosecurity scores, health indicators, welfare outcomes and 
production performance for fattening and breeding pig farms 
The correlations between production performance, biosecurity scores recorded during the farm 
visits and the mean prevalence for health indicators and welfare outcomes for 2015-2016 are 
reported in Appendix A.3 for the fattening herds and in Appendix A.4 for the breeding herds in 
the supplementary file. In fattening herds, the percentage of mortality was strongly correlated to 
the percentage of lameness (r=0.67, P<0.05), the percentage of enzootic pneumonia (ep) was 
strongly correlated to the percentage of pleurisy(pl) (r=0.66, P<0.05), the ep score was strongly 
correlated to the percentage of ep (r=0.79, P<0.05), the pl score was strongly correlated to the 
percentage of pl (r=0.9, P<0.05), the percentage of peritonitis was strongly correlated to the 
percentage of papular dermatitis (r=0.64, P<0.05), the percentage of hepatic scaring was strongly 
correlated to the percentage of tail-bitten pigs (r=0.62,P<0.05), the percentage of abscess was 
strongly correlated to the percentage of pyaemia (r=0.62,P<0.05).  In breeding herds, the number 
of piglets born, the number of piglet born alive and the number of piglet weaned were strongly 
inter-correlated (r>0.6, P<0.05). All non significant correlation coefficients are reported in 
Appendix A.3, A.4, A.5 & A.6.  
A PCA was used to assess the association between biosecurity scores, health indicators, welfare 
outcomes and production performance for fattening pig farms. The plot of the PCA on the 2 first 
components for the farms and the variables is presented in Figure 2.2. The first component 
explained 31.33% of the total variance and the second component 23.66% of the total variance, 
giving a cumulative percentage of inertia for the 2 first components of 54.99%. The biosecurity 
scores, the number of fattening pigs and production performance were grouped together on the 
right side of the PCA plot while the percentages of lameness, pigs requiring hospitalization and 
mortality were grouped on the upper side, the percentage of severe body marks and tail lesions 
were grouped on the left side and the percentage of enzootic pneumonia and pleurisy on the lower 
side. A partition in 3 clusters was inferred from the length of the branches of the dendogram and 
can be visualized on Figure 2.2. 
Cluster 1 had lower external, internal and total biosecurity scores compared to clusters 2 and 3 
(P≤0.05). Cluster 1 had higher prevalence of peritonitis than cluster 2. Cluster 1 had lower 
(better) FCR, a smaller number of fattening pigs in the unit and higher prevalence of severe tail 
lesions and severe body marks compared to cluster 3 (P≤0.05). Cluster 2 had higher mortality and 
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prevalence of lameness than cluster 3 (P≤0.05). Cluster 3 had higher ADG than cluster 1 and 
cluster 2 (P≤0.05). The variables hosp, ep, pl, tail, pc, ms, hs, pd, viral, ppa, ppc, abscess, 
pyaemia were not significantly different between the three clusters (P>0.05) (Table 2.9).  
 
 
Figure 2.2 On the right, the PCA plot of the fattening farms (individual farms) and the variables 
on the two first components (CP1: 31.33%, CP2: 23.66%) shows the inter-connections between 
the variables that tend to be close to each other on the plot. Biosecurity (external (EXT), internal 
(INT), total (TOT) biosecurity) is represented in green. The number of fattening pigs (fat) and the 
performance (average daily gain (ADG), feed conversion ratio (FCR), mortality (MOR)) are 
represented in blue. Welfare outcomes (% pigs requiring hospitalization (hosp), lame pigs (lam), 
pigs with severe tail lesions (stl), severe body marks (sbm)) are represented in red. Health 
indicators (% of enzootic pneumonia -like lesions (ep), pleurisy (pl), tail-bitten lesions (tail)) are 
represented in black. On the left, the hierarchical clustering based on the result of the PCA 
confirmed the partition of the farms into 3 clusters as the partition with the higher relative loss of 
inertia. 
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Table 2.9 Mean and standard deviation of biosecurity scores, health indicators, welfare 
outcomes and production performance and of the study sample of fattening pig farms in Great 
Britain according to three clusters derived from the PCA analysis (based on the active 
variables). 
 
cluster 3 (n=18)  cluster 2 (n=11)  cluster 1 (n=11) 
 
mean  SD  mean  SD  mean  SD 
Active variables 
No. fattening pigs  2733b  1513  1578 a,b  1220  1232a  646 
Average daily weight gain  834b 60  734a  54  718a  46 
Feed conversion ration 2.55b  0.46  2.44a,b 0.19  2.15a  0.17 
Mortality  2.82b  0.71  5.22a  1.18  3.96 a,b  1.64 
No. pig requiring hospitalization  0.01  0.03  0.12  0.02  0.03  0.04 
No. lameness  0.02b  0.05  0.62a  0.42  0.05 a,b  0.06 
No. severe tail lesions 0.03b  0.06  0.29 a,b  0.18  0.63a  0.64 
No. severe body marks 0.08b  0.13  0.09 a,b  0.02  0.58a  0.35 
External biosecurity score  77b  8  76b  5  68a  8 
Internal biosecurity score  65b  13  70b  10  46a  12 
Total biosecurity score 71b  9  73b  6  57a  9 
Enzootic pneumonia  16.49  13.11  9.43  4.41  21.08  12.62 
Pleurisy  5.33  7.17  1.95  1.30  6.45  5.64 
No. tail‐bitten pigs  0.26  0.86  0.07  0.14  2.28  3.69 
Supplementary variables 
Pericarditis  1.85  1.22  1.60  1.04  2.14  0.89 
Peritonitis  0.12a,b  0.15  0.01b  0.04  0.42a  0.46 
Milk spots  0.06  0.12  0.01  0.04  0.07  0.17 
Hepatic scarring  0.86  1.15  0.33  0.60  3.01  4.11 
Papular dermatitis  0.97  3.50  0.00  0.00  3.65  6.67 
Viral‐type distribution 0.25  0.43  0.12  0.33  0.09  0.17 
Pleuropneumonia ‐ Acute  0.14  0.19  0.00  0.00  0.22  0.26 
Pleuropneumonia ‐ Chronic  0.15  0.30  0.01  0.02  0.03  0.05 
Abscess  0.25  0.33  0.04  0.10  0.14  0.13 
Pyaemia  0.12  0.19  0.02  0.04  0.09  0.12 
a,b means in the same row with different letters are significantly different (P<0.05)  
 
2.5     Discussion 
Our study aimed at identifying possible connections between on-farm data and large scale 
industry databases holding information about health and welfare for commercial pig farms in 
Great Britain. During farm visits, we collected data about pig performance and assessed the 
level of biosecurity in fattening and breeding farms. Subsequently, we sought to provide a 
global overview of the connections between biosecurity, health, welfare and performance by 
identifying the associations between these data and the mean prevalence of welfare outcomes 
from the Real Welfare Scheme and health indicators from the BPHS scheme.  
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2.5.1    Sampling and the challenge of connecting different databases  
Secondary data analyses were used in this study, as direct implementation for such a study 
would have been logistically and financially impossible within the time contraints of this 
study (Smith et al., 2011b Goodwin et al., 2012). Data about pig health and welfare are 
regularly recorded by the Real Welfare and BPHS scheme for the purpose of informing farm 
management decisions and aiding farm improvement, and cover a large majority of the 
fattening pig farms in Great Britain (BPHS, 2008; Pandolfi et al., 2017). Our study illustrates 
the challenge of connecting these data sources with data collected on-farm and the complexity 
of designing a random sampling from the whole population of pig farms. 
The target of most studies is to analyse a sample representative of the population (Fox et al., 
2009). Targeting to select the intensive pig farms with the larger herds, we decided to use a 
stratified random sampling proportionate to the number of fattening pigs produced in each 
stratum.  However, in our final study, selection biases can be identified. Despite the possibility 
to select a stratified random sampling from the full database of pig farms in Great Britain, we 
were not able to access the farm identification and address for confidentiality reasons. As a 
consequence, a first selection bias occurred due to the exclusion of all farms not registered in 
the AHDB database (the registration is not mandatory, AHDB is independent of both 
commercial industry and of Government), which was a requirement to be able to invite 
farmers to participate in our study. Another selection bias was due to a very high percentage 
of pig farmers who did not reply to the invitation or declined to participate. Indeed, farmers 
are regularly approached to participate in different studies which may be time-consuming and 
in which they might not be interested.  This level of non-response reduced the level of 
precision and increased the risk of non-representativeness (Toma et al., 2010). Higher 
response rates have been achieved in other agricultural studies involving pig farms (Nöremark 
et al., 2013; Laanen et al., 2014), but, in these studies, the farmers were not pre-selected from 
the whole national population. Moreover, the length of the biosecurity questionnaire, followed 
by a mandatory farm visit, might have dissuaded some farmers from participating. This 
illustrates the difficulty to implement a detailed and time consuming survey in a population of 
farmers previously unknown. Connecting the data collected to the BPHS and Real Welfare 
database resulted in additional selection bias, as only 28 of the 40 fattening pig farms who 
participated could be found in both databases. This highlights the considerable room for 
improvement in organisation of industry data needed in order to conduct secondary data 
analysis about pig farms based on several data sources. We succeeded to recruit farms of 
interest (large breeders-fatteners or specialized fattening pig farms with larger herds which 
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produce most of the fattening pigs in Great Britain), but the final sample size was limited. Our 
results should therefore only be extrapolated with care to the whole population of pig farms.  
The outcome highlights the need in studies of this nature to find an optimal balance between 
the quantity of information per farm and the sample size. Considering the value of the output 
that could be produced, improving the possible connection between different data sources 
would be of great benefit for the pig industry in the UK. 
2.5.2    Biosecurity in fattening and breeding herds 
The characteristics of the study farms in relation to the health and welfare indicators have 
been described in previous papers (Sanchez-Vazquez et al., 2012 ; Pandolfi et al., 2017a, b), 
and the results for our sample were consistent with these reports. However, 
Biocheck.UGent™ was used for the first time in the UK. Biosecurity comprises a set of 
measures targeting the protection of pig herds from the introduction and spread of infectious 
diseases (Amasset al., 1999; Beal et al., 2008; Boklund 2009; FAO, 2010). This tool has 
previously been used in different farm studies and several other countries (Laanen et al., 2010, 
2013; Postma et al., 2016a,b), and its reliability to quantify and compare biosecurity between 
pig herds has been demonstrated by Laanen et al. (2010). Our study suggests room for 
improvement in certain measures of biosecurity for pig farms in Great Britain compared to 
other countries but also within British herds since there were some farms with lower scores 
than the others. Moreover, the mean internal biosecurity score was lower than the mean 
external biosecurity score, as in previous studies (Laanen et al., 2013; Backhans et al., 2015; 
Postma et al., 2016a), and the scores for some sub-categories of the internal biosecurity score 
were lower compared to others. This illustrates the possible improvement that can be made 
through better cleaning and disinfection around farrowing and in the nursery, and through the 
implementation of biosecurity measures between compartments to avoid disease spreading 
inside the farm. A higher external biosecurity score can be explained because the farmers were 
generally aware about the risk of contamination and the threat of diseases from outside the 
farms, especially for the diseases regulated by control programs (Casal et al. 2007; Nöremark 
et al., 2016. In contrast, the lower internal biosecurity score indicates that the risk of 
contamination inside the farm, arising through daily management practices, seemed to be 
underestimated by the farmers. Garthford et al. (2013) showed that there is little concern about 
risk from unseen diseases. Vets should use their authoritative position to promote better 
internal biosecurity and good awareness of disease risks by transferring knowledge about 
biosecurity (Garthford et al., 2013, Laanen et al., 2014), and special attention should be given 
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when other animals are present in the farm as this was associated with lower biosecurity 
scores. 
In the univariate analyses, internal biosecurity scores were higher for larger herds of fattening 
pigs and specialized fattening farms, while total biosecurity score was strongly correlated to 
measures between compartments and the use of equipment, and cleaning and disinfection, 
suggesting a good AIAO system for the farms that obtained a higher total biosecurity score. 
Generally, specialized fattening pig herds are more likely to have larger pig herds and to adopt 
an AIAO system, which contributes to good biosecurity (FAO, 2010; Marquer et al., 2014; 
Niemi et al., 2016). However, internal biosecurity was not significantly different for 
specialized fattening farms in the multivariate analysis; pointing to the influence of other 
factors, such as stockmanship or age of the building or type of equipment. This suggests room 
for improvement of the level of biosecurity which does not depend only on farm type.  
Breeding farms had lower internal biosecurity compared to fattening pig farms. The total 
biosecurity score of breeding farms was strongly correlated to the internal biosecurity score 
and the cleaning and disinfection scores, suggesting that hygienic measures were the 
cornerstone of the breeding farms achieving a high level of biosecurity. Measures between 
compartments and the use of equipment, which largely refer to piglet manipulation, mixing of 
piglets from different sources, proper use of overalls, cleaning of boots, hands and materials 
(Laanen et al. 2013), had one of the lowest scores, highlighting areas where farms could seek 
biosecurity improvement (Postma et al., 2016a).  
The type of building may impair the implementation of internal biosecurity measures such as 
AIAO or an increase of space allowance, and the perceived cost of the biosecurity measures 
might also influence the likelihood of adopting these measures (Niemi et al, 2016). Several 
studies have shown the reluctance of the farmers to adopt certain measures considered to be 
difficult to implement or with lack of trust in their effectiveness or relevance (Gunn et al., 
2008; Heffernan et al., 2008), but the increase of awareness regarding specific biosecurity 
measures should encourage the popularization of all biosecurity measures or any beneficial 
changes in the management. Despite possible structural limitations, Laanen et al. (2013) 
suggest that the improvement of internal biosecurity constitutes a good starting point, which 
was confirmed by this study. Indeed, internal biosecurity also had a lower score compared to 
external biosecurity. 
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2.5.3    The inter-connections between biosecurity, health, welfare and performance 
The results of correlation coefficients and the PCA were used in combination to understand 
the interconnection between biosecurity, health, welfare and performance.  
2.5.3.1      The inter-connections between health and welfare  
Several expected intra-category correlations for welfare outcomes and health indicators were 
identified. Previous studies have highlighted the connection between different pig pathologies 
(Sanchez-Vazquez et al., 2012) and different welfare outcomes (Munsterhjelm et al., 2015a; 
Pandolfi et al., 2017b). Prevalence of enzootic pneumonia and pleuritic lesions were highly 
correlated in the present dataset; similar risk factors and associations between ep and pl have 
been reported in several studies (Jager et al., 2009, 2012; Sanchez-Vazquez et al., 2010; 
Meyns et al., 2011). However, none of these lung lesions had a strong correlation with the 
other, less prevalent, health indicators. This is not surprising as all these health conditions 
might have different risk factors and result from different pathogens. 
Our results showed that a higher level of tail biting could be concomitantly identified by the 
two different schemes (BPHS, Real Welfare), suggesting a certain accuracy to identify on-
farm tail-biting problems in abattoir screening. All welfare outcomes measured on farm were 
correlated to some of the BPHS lesions, suggesting potential common risk factors or 
biological connection between health and welfare (Sanchez-Vazquez et al., 2012). The 
prevalence of lameness and severe tail lesions was associated to the prevalence of EP-like 
lesions. Previous studies have demonstrated that the prevalence of tail lesions tends to 
increase the risk of infection leading to acute phase protein elevation and abscesses (Heinonen 
et al., 2010) and lung lesions (Van Staaveren et al., 2015). The prevalence of pyaemia was 
correlated to the prevalence of severe tail lesions, but also lameness and severe body marks. 
The economic impact of pyaemia has been discussed in the literature and it has been reported 
as an important cause of condemnation at the slaughterhouse (Chiew et al., 1991). Our study 
suggests that the prevalence of pyaemia could also be used as a proxy to alert to possible on 
farm welfare issues; as suggested by Sanchez-Vazquez et al., (2012) the presence of one 
pathology could motivate investigations for other issues. 
2.5.3.2      The interconnections between health, welfare and performance 
The positive correlation identified between FCR and ADG values was unexpected as better 
growth rates are usually associated with more efficient conversion of food to gain. However, 
the interaction between feed composition and environment on ADG and FCR does not 
preclude such a relationship (Douglas et al., 2015). The classification of the farms in different 
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clusters and the correlations between variables enabled us to identify connections of 
parameters of health, welfare with performance. The percentage of carcasses showing EP-like 
lesions, pleurisy, peritonitis and tail-biting was higher for cluster 1 farms which also had 
lower ADG, although the differences were only statistically different between clusters for 
peritonitis. However, negative correlations were also found between pleurisy and ADG. A 
lower prevalence of EP-like lesions and pleurisy has been associated to lower performance in 
previous studies (Noyes et al; 1990; Regula et al., 2000; Sanchez-Vazquez et al., 2011; 
Brewster et al., 2017) and confirms the connection between respiratory problems and poor pig 
performance.  However, no associations were identified in the present study between BPHS 
lesions and mortality, as was also the case in a previous study where antibiotic usage was used 
as a health indicator (Postma et al., 2016b).  
Stressors in the environment and stockmanship might impact productivity and animal welfare 
(Hemsworth, 2003), showing the closepossible interaction between environment, welfare and 
productivity. Farms in cluster 1, with the lowest ADG, also tended to have a higher 
prevalence of welfare issues, such as the proportion of pigs with severe body marks and tail 
lesions. This confirms the results of Sinisalo et al. (2012), who identified a better ADG for 
pigs without tail lesions and might explain the connection between lower welfare and 
economic losses (Harley et al., 2012).  Moreover, a higher prevalence of lameness and pigs 
requiring hospitalization was correlated to higher mortality. The connection between welfare 
indicators and production performance is encouraging, as it suggests welfare improvement 
will not necessarily jeopardize performance. Better performance leading to better economic 
results has been identified as the main incentive to participate in a quality assurance scheme, 
while the distrust in economic advantages was the main barrier not to participate in these 
schemes (Bock and Van Huik, 2007).  
2.5.3.3      The inter-connections between biosecurity and health, welfare and 
performance  
The farms from cluster 1, with lower ADG and higher prevalence for some welfare and health 
indicators compared to the other clusters, also had lower biosecurity scores. Biosecurity 
appears of great importance to maintain good production results, health and welfare and, by 
extension, to protect the economy, the environment and the public health (Beale et al., 2008; 
Pritchard et al., 2005). A recent study showed that improvement of external and internal 
biosecurity, achieved over a period of several months, and better herd management have led 
breeding farms to reduce antibiotic usage and increase the number of piglets weaned (Postma 
et al., 2016a, 2017). This supports the idea that biosecurity should be a core objective of the 
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pig industry. Several studies have shown that improvement in biosecurity, such as by 
implementing an AIAO system with good cleaning and disinfection, had beneficial impact on 
disease control and pig health (Scheidt et al. 1990; Amass and Clark., 1999; Andres et al., 
2015; Postma et al, 2016a). Moreover, a cost reduction and decline in the percentage of 
mortality were achieved in another study after implementing biosecurity measures and 
reducing antibiotic usage (Rojo-Gimeno et al., 2016).  The negative correlation between ep, 
pl, hs, tail, ppa, abscess and internal biosecurity in the present study further highlights the 
importance of a good biosecurity to reduce health issues.  
In the present study, a higher total biosecurity score was significantly and positively correlated 
to ADG, PBA and PW. The level of biosecurity was associated to the number of piglets 
weaned in the study of Postma et al. (2016a), but not in the study of Backhans et al. (2015). 
Similarly to health indicators, biosecurity was not correlated to the percentage of mortality. A 
correlation between biosecurity and mortality was found in the study of Maes et al. (2004), but 
not in the most recent study of Laanen et al. (2013). Despite a high level of biosecurity in 
cluster 2, a higher level of mortality in fattening pigs was identified. This suggests that the 
increase of mortality is not only the consequence of infection, but may result from multiple 
factors.  
Previous studies showed better welfare when internal biosecurity measures, such as reducing 
stocking density, have been implemented (Cornale et al., 2015; Munsterhjelm et al., 2015b).  
Moreover, good management and appropriate infrastructures in intensive systems are key 
elements for better welfare (Gade, 2002), just as for implementing biosecurity measures 
(Laaneen et al., 2013).  Farms from cluster 1 with low biosecurity and higher level of severe 
tail lesions and body marks had lower performance, confirming that poor animal welfare tends 
to appear in a context of lower biosecurity. Surprisingly, farms from cluster 3 with good 
biosecurity score had a higher level of pigs requiring hospitalization and lameness. Moreover, 
higher biosecurity scores were correlated overall to a higher prevalence of pigs requiring 
hospitalization, suggesting that good management of hospital pens cannot be inferred from a 
good biosecurity level, and that other factors like stockmanship and good management 
practices might have a great impact on animal welfare (Hemsworth, 2003). Our analysis also 
showed that an increase in internal biosecurity score was associated with a reduction of 
prevalence of severe tail lesions. These observations confirm previous results where a higher 
biosecurity level was associated with healthier animals and better welfare (Postma et al., 
2016a,b).  
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2.6     Conclusions 
This study highlights the challenges associated with connecting different data sources and 
conducting relevant analysis for the livestock (pig) industry.  
Pig farmers prioritise internal biosecurity, which was generally lower and strongly connected 
to the overall level of biosecurity. While the biosecurity can be improved by taking further 
measures or adopting new habits, this study also suggests possible limitations in farm 
infrastructures which do not allow the implementation of AIAOand a small impact of 
biosecurity regarding issues like mortality, prevalence of lameness and pigs requiring 
hospitalization. 
The associations identified between health indicators, welfare outcomes and production 
performance appear as a compelling reason to consider the improvement of animal welfare 
asone of the main objective of the pig industry. Facilitating the data collection and the 
connections between different sources of information related to biosecurity, health, welfare 
and performance would be of importance for the pig industry. This could be beneficial to 
determine the priority measures that should be adopted to sustain effective pig production. 
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Chapter 3 The “Real Welfare” Scheme: benchmarking welfare outcomes 
for commercially farmed pigs 
3.1     Abstract 
Animal welfare standards have been incorporated in EU legislation and in Farm Assurance 
schemes, based on scientific information and aiming to safeguard the welfare of the species 
concerned. Recently, emphasis has shifted from resource-based measures of welfare to 
animal-based measures, which are considered to assess more accurately the welfare status. 
The data used in this analysis were collected from April 2013 to May 2016 through the “Real 
Welfare” scheme in order to assess on-farm pig welfare, as required for those finishing pigs 
under the UK Red Tractor Assurance Scheme. The assessment involved five main mandatory 
measures (percentage of pigs requiring hospitalization, percentage of lame pigs, percentage of 
pigs with severe tail lesions, percentage of pigs with severe body marks and enrichment use 
ratio) and optional secondary measures (percentage of pigs with mild tail lesions, percentage 
of pigs with dirty tails, percentage of pigs with mild body marks, percentage of pigs with dirty 
bodies) recorded at each farm visit, with associated information about the environment and the 
enrichment in the farms. For the complete database, a sample of pens was assessed from 1 928 
farm units. Repeated measures were taken in the same farm unit over time, giving a total of 
112 240 records at pen level. These concerned a total of 13 480 289 pigs present on the farm 
during the assessments, with 5 463 348 pigs directly assessed using the “Real Welfare” 
protocol. The three most common enrichment types were straw, chain and plastic objects. The 
main substrate was straw which was present in 67.9% of the farms. Compared to 2013, a 
significant increase of pens with undocked-tail pigs, substrates and objects was observed over 
time (p<0.05). The upper quartile prevalence was <0.2% for all of the four main physical 
outcomes, and 15% for mild body marks. The percentage of pigs that would benefit from 
being in a hospital pen was positively correlated to the percentage of lame pigs, and the 
absence of tail lesions was positively correlated with the absence of body marks (p<0.05, 
R>0.3). When comparing the following years to 2013, the results of this study demonstrate a 
reduction of the prevalence of animal-based measures of welfare problems in mainstream 
herds. This is partially due to the decline over years of the prevalence of the different welfare 
outcomes for the farms with a prevalence above the 90th percentile in 2013.  
3.2    Introduction 
Several different groups in society take an interest in farm animal welfare with different 
perspectives taken (Fraser, 2003). Animal welfare is protected by legislation under which 
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inspections are carried out annually (European Council 1998). Additional safeguards are 
increasingly adopted through the mechanism of Farm Assurance Schemes, which incorporate 
welfare standards and adopt third-party inspection procedures to verify compliance (Veissier 
et al., 2008) to create a brand based on the ‘best’ animal health and welfare standards. 
Historically, both legislation and Assurance Schemes have adopted resource-based measures 
of welfare but limitations appear when it comes to understanding the true welfare state of 
individual animals (Webster et al., 2004). For this reason, there has been a growing trend for 
the adoption of animal-based measures, sometimes called welfare outcome measures, which 
rely on measurements made directly on the animals themselves irrespective of their keeping 
conditions (EFSA, 2012). Such measures are now recognized as a better alternative to assess 
animal welfare across different environments (Whay et al.., 2003).The application of this 
approach on farms was pioneered by the EU Welfare Quality® project (Blokhuis et al., 2010).  
Farmers also place great importance on animal welfare and perceive a relationship between 
good welfare and good animal performance (Hubbard et al., 2007). However, on-farm 
assessments of welfare outcomes are subject to many practical constraints, and must be quick, 
cheap and sufficiently flexible to adapt to different production systems and be meaningful for 
the end user (Edwards, 2007). Simplified versions, relying on so-called iceberg indicators, are 
consequently being investigated (Heath et al., 2014). Munsterhjelm et al. (2015a), by 
establishing the number and composition of possible sub-scales within the animal-based 
measures using Principal Component Analysis, showed that different animal welfare issues 
could be captured with a short list of animal-based measures. The British pig industry has 
been very proactive in consideration of animal welfare and was the first to adopt Farm 
Assurance at a national level (Whittemore, 1995; FAWC, 2001). In 2006 they commissioned a 
project to investigate the feasibility of adopting welfare outcome assessments on British pig 
farms (Mullan et al., 2009a, 2009b, 2011a and 2011b). Following pilot studies, a protocol was 
adopted as part of the Red Tractor Assurance Scheme for finisher herds. The objective of this 
chapter is to report the prevalence of five main welfare outcomes for the mainstream finisher 
pig herds of the UK (excluding hospital pens which were not recorded by the Real Welfare 
scheme) for the first three years of this scheme. This represents the first long term, nation-
wide benchmarking of welfare outcomes for pigs – or any other species - on commercial 
farms at this scale. This study also describes the changes over calendar years of the different 
measures of welfare and the farm population involved through different variables related to 
farm environment and management.  
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3.3    Materials and Methods 
3.1.3    Data and data management 
The data used in this analysis were collected from April 2013 to May 2016 in order to assess 
on-farm pig welfare through the “Real Welfare” assessment scheme, as required for those 
finishing pigs under the Red Tractor Assurance Scheme. The data were collected using a 
standardised protocol, owned and managed by the Agriculture and Horticulture Development 
Board (AHDB). The welfare of the pigs was assessed by vets from 89 different veterinary 
practices carrying out quarterly health and welfare inspections for the Red Tractor Scheme. 
The data are collected to inform the farm health plan, assess animal welfare and inform pig 
farmers of the general trends in welfare parameters in their herds. Although the welfare 
outcomes themselves are not audited by scheme providers, the completion of actions agreed 
between the veterinarian and the producer to address any issues is included in audits. Before 
undertaking the additional “Real Welfare” audits, all vets underwent the same online and 
practical training in the assessment of the designated welfare outcomes 
(http://pork.ahdb.org.uk/health-welfare/welfare/real-welfare/real-welfare-vets/). The 
assessment involved five main measures (Appendix B.1 & Table B2), chosen after 
stakeholder consultation to capture the most important welfare issues for the industry, using 
protocols developed and piloted in a previous research project (Mullan et al., 2009a, 2009b 
and 2011a) which assessed the sampling strategy, the interdependence, the variation and the 
reliability of the outcome measures. The measures were recorded from a sample of finishing 
pigs from the mainstream herd (i.e. excluding those in hospital pens). The number of pens 
assessed at each visit and the type of pens were selected to be representative of the farm. The 
sampling used was a multistage sampling. At the first level, all farms that belong to the Red 
Tractor Assurance Scheme were sampled. At the second level, several pens were randomly 
selected on each farm in order to represent approximately one third of the pig places present in 
the farm. At the third level, all pigs in the pens were assessed for the prevalence of lameness 
and pigs requiring hospitalization. A random sample of pigs were further assessed for tail 
lesions and body marks (all pigs in the pen if there were fewer than 25 pigs, 25 pigs if there 
were up to 100 pigs, or 50 pigs if there were more than 100 pigs, and chosen to be 
representative of the pen) (Appendix B.1).  
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Table 3.1 Measurements used in the assessment. Each pig in the sample selected was 
classified into one of the several levels for each measurement (the classification for 
Enrichment use only concerns the active pigs of the sample). Therefore, a proportion of pigs 
per pens could be calculated for each measurement. Detailed definition is given in Appendix 
B.2.  
Measurements for individual 
pigs Definitions 
Pigs requiring hospitalization   
Yes  Pigs that would benefit from removal to a hospital pen  
No Pigs that would not benefit from removal to a hospital pen. 
    
Lame pigs   
Lame Pigs with signs of lameness 
Non lame Pigs without any sign of lameness 
    
Pigs with tail lesions   
Severe Pigs with severe tail lesions. Proportion of tail has been 
removed by biting or tail is swollen or held oddly, or scab 
covering whole tip or fresh blood visible  
Mild Pigs with mild tail lesions 
No lesions Pigs without any of the above lesions  
Dirty Pigs dirty enough to obscure potential mild lesions 
    
Pigs with body marks 
 
Severe Pigs with severe body marks extending into deeper layers 
of skin or lesions covering a large percentage of skin 
Mild Pigs with mild body marks 
No lesions Pigs without any of the above body marks  
Dirty Pigs dirty enough to obscure potential mild body marks 
    
Enrichment use   
Enrichment Pigs interacting with enrichment in the pen 
Other Pigs interacting with other pen features or pen mates 
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In addition to the welfare outcome measures, additional information about the sampled pens 
was also recorded during the visit, such as pen size and type, aspects of feed provision, 
enrichment and tail docking practices as shown in Table 3.2.   
Table 3.2 Variables collected by the veterinarians at pen level during the Real Welfare 
assessment. 
Variables Categories 
Pen size small  <30 pigs 
medium ≥30 to <200 pigs 
large ≥200 
 
Pen type indoor (kennels, open + internal divisions or open plan) 
outdoor (shelter + field )  
in&outdoor  (trowbridge or kennel + yard) 
other  
 
Ventilation natural 
powered 
 
Feed form pellets 
meal 
liquid 
 
Feed availability ad libitum 
restricted 
 
Feeder type floor 
hopper 
trough 
 
Tail docking docked tails 
undocked tails 
 
Tail length tail lengths ≤0.5 (pens with docked tails, smaller than half the 
original length) 
tail lengths >0.5 (pens with undocked tail, tails longer than 
                            half the original  length or mixed tail lengths) 
 
Enrichment substrate(s) only (straw or other substrates) 
object(s) only (chains, plastic objects or other objects) 
substrate(s) and object(s) 
no enrichment 
 
The quantity of straw could be assessed as restricted (portions dispensed throughout the day), 
low (less than 5cm depth or less than 50% lying area covered), medium (depth of >5cm over 
75% of lying area) and deep (covers >75% pen floor, depth 30cm+). The default qualification 
“medium” for the quantity of straw was used in case the quantity was not mentioned. 
Therefore, only the pens directly assessed by the vet without default classification were kept, 
leaving 74 596 pens with data on the quantity of straw. Only the farms with the mention “none 
  49
seen”, indicating the absence of visible enrichment in the pen at the time of the assessment, 
were considered as without enrichment. The mention “none seen”, as distinct from a missing 
entry, was recorded only from June 2014 (sample of 76 002 pens). 
 
The database was checked for mismatches and outliers. The different types of enrichment 
were transformed in dummy data in order to record the presence or the absence of each of the 
categories. From the date of the assessment, the calendar year and the season were extracted. 
Four seasons (Spring (March, April, May), Summer (June, July, August), Autumn 
(September, October, November), and Winter (December, January, February)) were identified 
from the date of assessment. All the measures reported in Table 3.1 were transformed into 
percentages, based on the total number of pigs assessed in the pen. Enrichment use was 
calculated as a ratio based on the following formula: 
ܧ݊ݎ݄݅ܿ݉݁݊ݐ	ݑݏ݁	ݎܽݐ݅݋
ൌ ܰݑܾ݉݁ݎ	݋݂	ܽܿݐ݅ݒ݁	݌݅݃ݏ	݅݊ݐ݁ݎܽܿݐ݅݊݃	ݓ݅ݐ݄	ݐ݄݁	݁݊ݎ݄݅ܿ݉݁݊ݐ	ܰݑܾ݉݁ݎ	݋݂	ܽܿݐ݅ݒ݁	݌݅݃ݏ	݅݊ݐ݁ݎܽܿݐ݅݊݃	ݓ݅ݐ݄	݌݁݊	݂݁ܽݐݑݎ݁ݏ	݋ݎ	݌݁݊	݉ܽݐ݁ݏ	݋ݎ	ݓ݅ݐ݄	ݐ݄݁	݁݊ݎ݄݅ܿ݉݁݊ݐ	 
 
For the complete database, a sample of pens was assessed from 1 928 farm units. In some 
cases one ‘farm unit’ could consist of farms at several different locations. Repeated measures 
were taken in the same farm units over time, giving 112 240 records at pen level. These 
concerned a total of 13 480 289 pigs present in the farm during the assessments, with 5 463 
348 pigs directly assessed using the “Real Welfare” protocol. 
Over the period of scheme implementation, the recording of tail lesions and body marks 
underwent some changes. After an initial 8 month period, a review of the functioning of the 
scheme decided that the recording of the enrichment use, minor tail lesions (dirty and mild tail 
lesions) and minor body marks (dirty and mild body marks) should become optional. 
However, the recording of the severe lesions continued to be mandatory. The vet could 
therefore decide to report either only the severe lesions or both the minor and the severe ones. 
The initial period from April 2013 to November 2013 included 9 153 pen records from 1 108 
farms and the database over the 4 calendar years which included pens with recording of both 
severe and minor lesions and body marks included 28 247 pen records from 1 293 farms.  
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3.2.3    Data analysis 
3.1.1.1 Descriptive analysis of the farm characteristics and the welfare outcomes  
Data processing and data analysis was carried out using Microsoft Access Office Professional 
Plus 2010, Microsoft Excel Office Professional Plus 2010 and RStudio for R-3.1.0 software 
for Windows (64 bit). The herd size of the farms was described at farm level. For all the farms 
a description was undertaken at pen level for the variables related to the environment, the feed 
and for the different types of enrichment, since these could vary within farm. In order to 
investigate the association of the type of enrichment and the different measures related to 
environment of the pigs, Chi square tests or Fisher tests were used. A descriptive analysis was 
conducted for the percentage of pens and pigs with undocked tails and tails of different length. 
In order to better understand the association between tail docking and the different measures 
related to the environment of the pigs, Chi square tests or Fisher tests were used. 
Environmental features may be associated with tail lesions but also with tail docking, making 
it difficult to discriminate the independent impact of environmental features and tail docking 
on tail lesions. To assess the change of use of enrichment (Substrates and Objects) and the 
proportion of pens with undocked-tail pigs over years, Generalized Linear Mixed Models 
were used.  In the first model, the binary variable was pens with undocked tails vs pens with 
mixed length tails or docked tails. The presence or absence of substrates in the pens was 
considered as the dependent variable in the second model and the presence or absence of 
objects was considered as the dependent variable in the third model. For these three models, 
the variable “year” was considered as a fixed effect and the farm unit was considered a 
random effect. A descriptive analysis was conducted for the percentage of animals showing 
the different levels of each measure of welfare at farm and pen level. The pens in which the 
minor lesions were not recorded were excluded from calculations of the mean of the dirty and 
mild tail lesions and body marks. However, dirty pigs might have mild lesions covered by the 
dirtiness, making the classification of minor lesions less exclusive. The variability between 
pens within the same farm was calculated as the intra-farm variance for the five mandatory 
welfare outcomes (lame pigs, pigs requiring hospitalization, severe tail lesions, severe body 
marks, enrichment ratio use). The inter-pen and inter-farm variance was also calculated for the 
annual rolling average to provide a wider view of the differences, instead of focussing on one 
specific time point which might not reflect appropriately the welfare status in the farm. 
3.3.2.1    Seasonal influences and annual averages of the welfare outcomes 
 The changes over calendar years of the different measures of welfare were assessed with a 
Generalized Linear Mixed Model in an analysis performed at pen level. The variable “year” 
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was considered as a fixed effect. The years 2014, 2015 and 2016 were compared to the year 
2013. Despite the fact that we did not compare the years 2014 with 2015, 2014 with 2016 or 
2015 with 2016, the value of the odds ratios provides an overview of relative differences 
between all years compared to 2013.The farm unit (Farm) was considered as a random effect 
as different pens could belong to the same farm. In order to reduce the information bias, the 
interaction between the veterinary practice that performed the assessment and the farm was 
also added as a random effect. Five different analyses were performed, considering the five 
mandatory welfare outcomes as dependent variables. In order to identify the changes in the 
measures of welfare over the different seasons, the same analyses were performed for the 
variable “season”. To look specifically at changes over time for farms initially having the 
highest prevalence of outcomes, farms with a prevalence of a specific welfare outcome above 
the 90th percentile in 2013 were selected separately according to each welfare outcome 
considered, i.e. the proportion of lame pigs, the proportion of pigs requiring hospitalization, 
the proportion of pigs with severe tail lesions and the proportion of pigs with severe body 
marks. As the values of the welfare outcomes were not normally distributed, a Friedman test 
was then used to assess the differences between years for these selected farms. Farm 
identification was used as a blocking variable. In order to understand whether individual farms 
showed consistency in welfare outcomes over years, Kendall’s tau-b correlations were 
calculated between the average percentages of each year for the main welfare outcomes. 
3.3.2.2    Correlation between the measures of welfare 
In order to understand the associations between the five mandatory measures of welfare, the 
correlation coefficients between these measures were calculated. As data were not normally 
distributed, Spearman's rank correlation coefficients were calculated for all the variables at 
pen level. The correlation between pigs with mild lesions and dirty pigs and of these with the 
five main measures of welfare, was performed using the whole database, but excluding all the 
pens without any record of the minor lesions, and separately on the database of the start-up 
period (April 2013-November 2013). 
3.4    Results 
3.1.4    Farm characteristics, enrichment and tail docking 
The population of interest included mainly pigs raised indoors. The minimum herd size (pig 
places) was 12 and the maximum 24 000 with a mean of 1 542. Thus, most of the farms might 
be considered as commercial scale pig farms: Fifty percent of the herds had 498 to 1 586 pigs 
in the farm unit during the visit and 1 810 holdings had  >300 pig places. A breakdown of the 
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housing and feeding practices in the study population is shown in Table 3.3.  The three most 
common enrichment types were straw, chain and plastic (Table 3.4). Only 3.7% of the pigs 
had both enrichment types in the pens (substrates and objects) but this corresponds to 14.5% 
of the farms. Substrates were more common than objects with 62.0% of pigs (69% of the 
farms) with one or more substrates; and 31.9% of the pigs (52.5% of the farms) with one or 
more objects. The main substrate was straw which was present in 67.9% of the farms 
(Appendix B.3).  For the pens where quantity was specified, 41.6% of the pigs (65.4% of the 
farms) had medium or deep straw quantity (Appendix B.4). Compared to 2013, a significant 
increase of pens with substrates was observed (P <0.05) in 2014, 2015 and 2016, and this was 
also the case for pens with objects (Table 3.5). 
Table 3.3 Characteristics of the sample - descriptors of the environment and feeding of the 
pigs at pen level 
Variables  Number of pens % 
Number of 
pigs 
assessed 
% 
Pen type      
Indoors      
 Kennels   11 579 10.32 270 676 4.95 
  Open + internal divisions 35 252 31.41 1 527 574 27.96 
  Open plan   56 767 50.58 3 288 664 60.2 
In&outdoors      
 Trobridge  3 584 3.19 84 224 1.54 
  Kennel + yard  2 088 1.86 66 698 1.22 
Outdoors (Shelter + field )  1 942 1.73 198 957 3.64 
Other  585 0.52 26 246 0.48 
Missing values  443 0.39 309 <0.01 
Ventilation type           
  Natural 83 572 74.74 4 570 736 83.66 
  Powered 27 385 24.49 830 028 15.19 
  Missing values 1 283 0.77 62 584 1.15 
Pen size           
  Large (≥200) 6 180 5.50 1 863 606  34.11 
  Medium (≥30-200) 65 579 58.43 2 406 862 44.05 
  Small (<30) 40 481 36.07 1 192 880 21.83 
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Variables  Number of pens % 
Number of 
pigs 
assessed 
% 
Feed form           
 Liquid 18 161 16.18 521 066 9.54 
  Meal 25 649 22.85 853 848 15.63 
  Pellet 68 404 60.95 4 088 125 74.83 
  Missing values 26 0.02 309 0.01 
Feed            
  Ad libitum  101 123 90.1 5 211 662 95.39 
  Restricted 11 091 9.88 251 377 4.6 
  Missing values 26 0.02 309 0.01 
Feeder type           
  Floor 1 377 1.23 26 161 0.48 
  Hopper 88 910 79.21 4 710 744 86.22 
  Trough 21 927 19.54 726 134 13.29 
 Missing values 26 0.02 309 0.01 
 
Table 3.4 Characteristics of the sample - Number and percentage of pens and pigs with each 
enrichment type reported. 
  
Percentage  
of pens with  
the enrichment of 
interest 
Number 
of pens 
Percentage 
of pigs assessed with  
the enrichment of 
interest 
Number  
of pigs 
Straw 44.7 50 136 60.8 3 320 398 
Other substrates 1.41 1 588 2.46 134 313 
Chain 24.2 27 196 16.4 894 112 
Plastic objects 33.0 37 003 21.4 1 171 330 
Other objects 8.92 10 014 7.09 387 608 
Enrichment not seen1  2.71  2 058 1.73  65 613  
1: based on 76002 pens and 3790879 pigs from June 2014 to May2016 
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The Chi and Fisher tests showed that all the variables related to the enrichment and the 
environment (pen size, pen type, ventilation type, feed form, feed availability, feeder type, 
straw, other substrate, chain, plastics, other object) were associated (P<0.05). The proportion 
of pens fed with liquid feed and with powered ventilation was higher for the category of pens 
without straw. The proportion of small pens was lower and the proportion of large pens was 
higher in the category of pens with straw (P <0.05). 
The percentage of pigs assessed with tails undocked was 24.25% and 70.43% of the pigs had 
their tails docked, with the remaining small percentage of pigs (5.31%) from pens where 
undocked and docked pigs were mixed (0.01 of the pigs had no data). The proportion of pens 
with undocked pigs and the proportion of pigs with different tail lengths are reported in 
Appendix B.5 and B.6 respectively. The result of the Chi square or Fisher tests showed that all 
measures related to the environment were associated with tail docking (P <0.05) suggesting a 
potential confounding effect of tail docking with the environment on the measures of welfare. 
Pens with tail docked pigs were less commonly found outside, in large pens and in pens with 
natural ventilation (Appendix B.7). The percentage of pigs with undocked tails tended to be 
higher in pens with substrates (Appendix B.8). Compared to 2013, a significant increase of 
pens with undocked-tail pigs was observed over time (P <0.05) (Table 3.5). The data from 
2016 only concern a part of the year and the changes for 2016 should be re-assessed after 
review of the data until the end of 2016. 
3.2.4    Descriptive analysis of the welfare outcomes 
The descriptive analysis of the welfare outcomes (Table 3.6) shows some outcomes with high 
maximum values during individual visits of certain farms. However the median and upper 
quartiles both have very much lower values, highlighting that high percentages for the 
different welfare outcomes were not very frequent. The descriptive analysis based on annual 
rolling averages also shows much smaller values (Appendix B.9). The description at pen level 
of the welfare outcomes for the complete database and the start-up period is presented in the 
Appendix B.10 and B.11. The mean values of the intra-farm variance were 0.46 for pigs 
requiring hospitalization, 1.22 for lame pigs, 2.2 for pigs with severe tail lesions, 2.89 for pigs 
with severe body marks and 0.025 for enrichment use ratio. The minimum and maximum 
values indicate that this variance differed greatly between farms (Appendix B.12).  
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Table 3.5 Odds ratio, confidence intervals and p-values. Absence of tail docking, and the presence of enrichment at pen level were the dependent 
variables and the year was the independent variable in a model that considered the effect of farm.  
  Tail undocked Substrates Objects 
  Odds CI95% P values Odds CI95% P values Odds CI95% P values 
Year                         
2013 (Intercept)       (Intercept)       (Intercept)       
2014 1.481 1.316 1.667 <0.001 1.811 1.723 1.902 <0.001 2.440 2.314 2.573 <0.001 
2015 1.066 0.946 1.202 0.29 2.483 2.359 2.614 <0.001 2.139 2.027 2.257 <0.001 
2016 1.318 1.120 1.551 <0.001 3.151 2.924 3.394 <0.001 2.749 2.546 2.968 <0.001 
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Table 3.6 Description of the Welfare outcomes at farm level (% of pigs in the pen or ratio). 
 
Mean SD 
1st 
Quartile Median 
3rd 
Quartile Min Max 
 
Pigs requiring 
hospitalization1 (%) 0.07 0.26 0 0 0 0 8.3 
 
Lame pigs1 (%) 0.18 0.60 0 0 0.16 0 40.5  
Enrichment use ratio1 0.50 0.27 0.29 0.51 0.69 0 1  
Severe tail lesions1 (%) 0.14 0.69 0 0 0 0 25.2  
Mild tail lesions1 (%) 1.34 2.76 0 0 1.52 0 33.3  
Dirty tail1 (%) 6.22 14.80 0 0 3.59 0 100  
Severe body marks1 (%) 0.26 1.11 0 0 0 0 36.3  
Mild body marks1 (%) 11.00 13.10 2 6.59 15.20 0 95  
Dirty body1 (%) 4.00 12.40 0 0 0.67 0 100  
1: values based on individual visits  
3.3.4    Trends over time 
Compared to 2013, a significant decrease of the proportion of lame pigs and pigs requiring 
hospitalization was observed in 2014, 2015 and 2016 (P <0.05). Compared to 2013, a 
significant increase of the proportion of pigs with severe tail lesions and severe body marks 
was observed in 2014 but also in 2015 for the severe tail lesions (P <0.05). However, no 
significant differences were observed in 2016 compared to 2013 for the proportion of severe 
tail lesions (P >0.05) and a significant decrease was observed in 2015 and 2016 for severe 
body marks (P <0.05). Compared to 2013, no increase of the enrichment use ratio was 
identified in 2014 (P>0.05), but further increases were identified in 2015 and 2016 (P <0.05) 
(Table 3.7). Any conclusion for 2016 needs to wait until the data for the full year are 
available. Figures 3.1 and 3.2 show the monthly averages for the different welfare outcomes 
over the 36 months. The value of the 90th percentile was used to select the farms with the 
highest prevalence for each of the welfare outcomes in 2013 and the mean values for these 
selected farms in each subsequent year are reported in Appendix B.13 and B.14.  The means 
for each welfare outcome for the group of farms selected decreased over years. The Friedman 
test showed significant improvement between years (P<0.001) for all welfare outcomes. The 
Kendall’s tau-b correlation coefficient showed that some welfare outcomes were correlated by 
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farm between two consecutive years (tau>0.3, P <0.05), but these correlations were weakened 
over longer periods, suggesting that farms changed their relative ranking over time, but that 
change could be slow for some parameters (Appendix B.15, B.16, B.17 and B.18). 
 
Figure 3.1 The mean prevalence of pigs with severe tail lesions and severe body marks per 
month over the 36 months of data collection (April 2013 –2016). 
 
 
Figure 3.2 The mean prevalence of lame pigs and pigs requiring hospitalization, and the mean 
enrichment use ratio per month over the 36 months of data collection (April 2013 – 2016). 
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Table 3.7 Odds ratio, confidence intervals and P-value for all pens included in the study. The 
proportion of lame pigs, pigs requiring hospitalization, the proportion of pig with severe tail 
lesions, the proportion of pigs with severe body marks and the proportion of pigs that interacts 
with the enrichment were the dependent variables and the year was the independent variable 
in a model that considered the farm as a random effect. The years 2014, 2015 and 2016 were 
compared to the year 2013 
  
 
 
 
3.4.4    Seasonal influence 
Prevalence of lame pigs and pigs that would benefit from being in a hospital pen were 
significantly higher in spring than in summer, autumn and winter (P <0.05). Prevalence of 
severe body marks was also significantly higher in spring than in autumn and winter (P <0.05) 
          Odds ratio CI95% P value 
Lame pigs                           Year    
2013 Intercept     
2014 0.547 0.516 0.579 <0.001 
2015 0.382 0.359 0.407 <0.001 
2016 0.298 0.268 0.331 <0.001 
Pigs requiring hospitalization   
2013 Intercept     
2014 0.651 0.591 0.716 <0.001 
2015 0.364 0.327 0.406 <0.001 
2016 0.297 0.248 0.356 <0.001 
Severe tail lesions   
2013 Intercept     
2014 1.331 1.211 1.463 <0.001 
2015 1.287 1.167 1.419 <0.001 
2016 1.108 0.958 1.280   0.166 
Severe body marks   
2013 Intercept     
2014 1.129 1.057 1.206 <0.001 
2015 0.872 0.813 0.935 <0.001 
2016 0.533 0.472 0.601 <0.001 
Enrichment use ratio   
2013 Intercept     
2014 1.053 0.973 1.140   0.199 
2015 1.422 1.292 1.564 <0.001 
2016 1.295 1.071 1.566 <0.001 
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and a tendency (P=0.09) for a lower prevalence of severe tail lesions was also observed in 
summer. Compared to spring, a significant increase in the enrichment use ratio was observed 
in autum and winter (P<0.05) (Appendix B.19 and B.20). 
3.5.4    Correlation between the measures of welfare 
The percentage of pigs that would benefit from being in a hospital pen was positively 
correlated to the percentage of lame pigs, and the absence of tail lesions was positively 
correlated with the absence of body marks (P <0.05, R>0.3)  (Appendix B.21). For the two 
periods considered (the start-up period from April 2013 to November 2013 and the total 
period from 2013 to 2016), the correlations of mild tail lesions and body marks were similar. 
The percentage of pigs with a dirty tail was positively correlated with the percentage of pigs 
with a dirty body (Appendix B.22 and B.23).   
3.5    Discussion 
3.1.5    Description of the population of interest and limitations 
The objective of this study was to assess the welfare of pigs in commercial pig finishing 
enterprises in the UK (excluding any pigs in hospital pens) through five animal-based 
measures and to assess the changes in these measures over time and season. The study also 
represented an upstream task to describe farm characteristics and welfare outcomes in 
preparation for future risk factor analysis. To our knowledge, the data collected represent the 
largest dataset available on animal-based welfare measures for finisher pigs existing in the 
world. This scale necessitated use of many different vets for data collection, and Temple et al. 
(2013) reported the possibility of a lack of intra and inter-observer reliability in assessments 
repeated over the time. However, another study of Temple et al. (2012) showed that the 
inclusion of inter-observer effects did not impact on the outputs of the different measures, and 
the measures of lameness in pigs by trained observers showed consistency in the study of 
Main et al. (2000). The standardized procedure and the training provided to the individual vets 
was designed to minimise observer bias, and the inclusion of the interaction of the veterinary 
practice and the farm (Farm:Vet) reduced the possible information bias in this study. The 
number of holdings with 300 pig places or more was 1 810. Therefore, this sample represented 
around 83% of the 2 200 pig holdings with 300 finishing pigs or more present in the UK 
(DEFRA 2012), and can be considered as representative of the commercial farms present in 
the UK. Moreover, as suggested by Mullan et al. (2009b), estimation of the low prevalence of 
the welfare outcomes can only be achieved with very large sample size and the scheme 
provided a large number of data for accurate descriptive analysis.  
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3.2.5    Comparison of the benchmarks for the welfare outcomes 
No correlations were found between the proportion of pigs withlameness, body marks and tail 
lesions, as in a previous study (Whay et al., 2007), indicating no redundancy in the data 
collected. Whilst there are no comparable national databases of this scale for comparative 
purposes, the benchmarks can be compared to different results obtained previously in the UK 
by the National Animal Disease Animal Service (NADIS) or from other countries where the 
Welfare Quality® animal welfare assessment system has been applied across a large sample of 
farms. In this study, the average prevalence of lameness at farm level was 0.2%. The average 
prevalence of tail lesions at farm level was 0.5 % if both severe and mild lesions are 
considered, and the average prevalence of body marks at farm level was 0.26% if only severe 
body marks were assessed. These prevalences were slightly lower or comparable to the 
prevalences reported by NADIS (2007-2011) (lameness (0.2 to 0.6%) and severe and mild tail 
lesions (1.2%), to the lameness prevalence reported in UK by Kilbride et al. (2009) (mild to 
severe posture (1.1%) and gait problems (1.4%)) and to the prevalence of finisher pig 
lameness (0.2%, 1.2%, 0.2%) or tail biting (8.8%, 2.4%, 1.1%, 0.9%) reported in other 
countries of Europe (Whay et al., 2007; Courboulay et al., 2009; Temple et al., 2011; Temple 
et al., 2012 respectively). In both the “Real Welfare” and Welfare Quality® protocols, milder 
forms of lameness are not recorded and pigs in hospital pens are excluded from study. The 
prevalences reported therefore do not fully reflect the overall welfare impact of lameness, but 
take account of the way in which lame pigs are being managed on the farm. A different 
definition of body wounds was used in the Welfare Quality® protocol (considering more than 
10 lesions in two body zones or more than 15 in a single zone), but the definition can be 
considered close to the definition of severe body marks in this study (Appendix B.2).  A lack 
of representativeness of the whole population of finisher pig farms in smaller scale studies 
might explain the higher prevalence in previous studies, but it also raises the question of 
potential under-reporting in large scale projects like those detailed above. This highlights the 
importance of sustaining the motivation of assessors in order to avoid under-reporting. 
3.3.5    Changes over time 
All welfare outcomes referring to lesions or sickness in the mainstream herd (excluding 
hospital pens), except the tail lesions, decreased over years. The reduction of the recorded 
prevalence might be the result of a better management of sick/injured pigs which have been 
moved to hospital pens. Whether there is a real reduction of the prevalence, or better 
management of hospital pens, it is known that benchmarking of health and welfare measures 
can lead to greater awareness and motivation to improve (Tremetsberger et al., 2015). For the 
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farms with initially higher prevalence of welfare outcomes (above 90th percentile), the 
reduction for all welfare outcomes also suggests improvement of the welfare status in the 
mainstream herd or better management of the sick pigs following the implementation of the 
scheme. Recording the proportion of pigs in hospital pens and any changes over time would 
help to give a better overview of the welfare status of the farms and the hospital pen 
management. The increase of use of some forms of enrichment over the years showed some 
parallel trends with the decrease of the prevalence of welfare outcomes over the same period. 
This suggests a possible positive impact of enrichment on welfare outcomes but the causal 
relationship could not be inferred in this analysis. Prevalence of tail lesions did not show 
significant reduction over time but the complex interactions between enrichment provision 
and prevalence of undocked tails will have influenced this result. Enrichments might have 
been used post hoc to control tail biting problems arising from other environmental or 
management issues, particularly in undocked groups, so that the substrate provision alone 
might not show a simple causal relationship.   
A number of the welfare outcome measures were observed to show a significant seasonal 
difference, as was also identified in a Finnish study on animal-based welfare-measures 
(Munsterhjelm et al., 2015b). This might be explained by the changes that occur in the 
environment over the seasons, such as variation in temperature or humidity, and subsequent 
impact on pigs. This knowledge is important when designing sampling strategies for farm 
audits. A decrease of the prevalence of physical injury in autumn and winter, and over years, 
corresponded to an increase of the interaction of the animal with the enrichment during the 
same period. The association between these changes needs to be more critically assessed in 
further study where the proportion of pigs located in hospital pens would be included in any 
survey and also in experimental studies allowing better control of the causal factors. It cannot 
be assumed that the relationship between season and welfare outcome measures is causal until 
proven. 
3.4.5    Variability within and between farms 
As mentioned in the studies of Temple et al. (2011, 2013) and Whay et al. (2007), animal-
based measures of welfare show variability both within and between farms. This highlights 
the importance of an appropriate sampling strategy. The prevalence of welfare outcomes at 
farm level ranged between 0 and 40.5 %, but the extreme values were unusual and the vast 
majority of the farms did not present any problems or showed a very low prevalence in the 
mainstream herd (i.e. excluding any pigs in hospital pens). The reasons for the variability seen 
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intra- and inter-farm in animal-based measures of welfare need to be assessed through the 
identification of risk factors that tend to increase the prevalence of disorders in certain farms 
and understanding of the multifactorial impact of housing, nutrition and management practices 
(Averos et al., 2010; Taylor et al. 2012). 
3.6    Conclusion 
The “Real Welfare” initiative is a unique national industry scheme designed to benchmark 
welfare outcomes on finishing pig farms, promote welfare improvement through regular visits 
in the farm by trained vets and demonstrate good management by recording animal-based and 
resource-based measures. The results from the first three years of the scheme demonstrate a 
reduction in the prevalence of most animal-based measures of welfare after the first year of 
the implementation of the scheme and the accompanying regular welfare assessments 
implemented during the first year. However, since pigs in hospital pens were excluded from 
the assessment, only animals in the mainstream herds were assessed. Further research is 
needed to understand if the reduction in prevalence of animal-based welfare issues is 
attributable to better management of sick or injured pigs that have been moved to hospital 
pens or better attention to animal welfare in the mainstream herd. However, the baseline data 
provided highlight the value of this initiative, and the large database generated by the scheme 
will be a valuable source of information for future risk assessment investigations.  
 63 
 
Chapter 4: The “Real Welfare” scheme: Identification of risk and 
protective factors for welfare outcomes in commercial pig farms in the 
UK 
4.1     Abstract  
From 2013 to 2016, animal-based measures were collected as part of the “Real Welfare” 
protocol adopted by the Red Tractor Pigs Assurance Scheme to assess the welfare in finisher 
pig herds in the UK. Trained veterinarians from 89 veterinary practices assessed 112 241 pens 
(hospital pens excluded) from 1 928 farms using a multistage sampling protocol, and collected 
data about pig welfare, management and farm environment on 5 463 348 pigs. Multivariable 
analyses were conducted for five main welfare outcomes: the proportion of lame pigs, pigs 
requiring hospitalization or with severe tail lesions or with severe body marks and the 
enrichment use ratio (number of active pigs interacting with the enrichment/ total number of 
active pigs). Additionally, a multiple correspondence analysis (MCA) was conducted to 
analyse systematic patterns of variations of environmental characteristics and improve 
understanding of the connection between welfare outcomes and environment. The prevalence 
of the 4 welfare outcomes and the mean enrichment use ratio differed between pen types 
(P<0.05), with a higher mean prevalence of lame pigs (0.39%) but lower mean prevalence of 
pigs requiring hospitalization (0.07%), severe tail lesions (0.07%) and severe body marks 
(0.12%) in outdoor pens. In&outdoor pens had the highest mean prevalence of the measured 
outcomes (P<0.05). After adjusting for the farm, date and pen type, the proportion of lame 
pigs, pigs requiring hospitalization or those with severe tail lesions were less prevalent in large 
pens (P<0.01), pens with substrates (P≤0.05) and pens fed with meal (P≤0.05), while 
enrichment use ratio was higher with substrates (P<0.001). Moreover, pigs requiring 
hospitalization and severe body marks were more prevalent in pens with powered compared to 
natural ventilation (P<0.05). On the MCA graph, higher prevalences of lameness and pigs 
requiring hospitalization (> 1, 5 and 10% respectively) were located in the same direction as 
lower enrichment use ratio, liquid feed, trough feeding, floor feeding, restricted feed and 
in&outdoor pens. Results suggested that these higher prevalences were not only connected to 
a particular system, but that all welfare outcomes were also connected to several inappropriate 
features in the environment. This study suggests several protective factors resulting in animal 
welfare improvement and highlights the importance of considering the environment as a 
whole because of potential factor combinations and confounds. A better understanding of 
influences on welfare requires better control of the confounding factors. However, the results 
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of this study can be used to support evidence-based advice and future formulation of standards 
for good practice.   
4.2     Introduction 
Animal-based measures have been suggested to be more appropriate and easier to interpret 
than resource-based measures to assess animal welfare (Whay et al., 2007). These measures, 
also called welfare outcomes, rely on measurements made on the animals themselves and are 
being adopted by Farm Assurance Schemes to benchmark animal welfare and promote 
welfare-friendly management (Blokhuis et al., 2010). Following pilot studies, the “Real 
Welfare” protocol for welfare outcome assessment was adopted by the Red Tractor Assurance 
Scheme for finisher pig herds in the UK. The welfare data were collected in conjunction with 
other data about enrichment provision, management practices and farm environment. Over 3 
years, more than 90% of English pig farms were regularly visited (Pandolfi et al., 2017). This 
high population coverage and the probability sampling methodology permit scientifically-
grounded estimates from the survey for the whole population of interest (Turner, 2003), and a 
previous descriptive analysis established mean values for five main welfare outcomes and 
their changes over time (Pandolfi et al., 2017). 
The data also constitute a valuable resource to identify risk factors related to the welfare 
outcomes. Risk or protective factors for tail biting, lameness or body lesions have been 
identified in previous studies (Hunter et al., 2001; Schroder-Petersen et al., 2001; Moinard et 
al., 2003; Van De Weerd et al., 2006; Temple et al., 2012; Munsterhjelm et al., 2015a). 
However, such studies generally refer either to experimental situations or farm samples which 
are not sufficiently large or representative to extrapolate the conclusions to the whole national 
population of pigs. Therefore, the data collected through the “Real Welfare” initiative 
provided the first opportunity to conduct a risk factor analysis on a large sample of finishing 
pig farms which can be considered as fully representative of the finishing pig farms present in 
the UK.  
The objective of this study was to assess the multifactorial aspects of welfare issues by the 
identification of risk and protective factors at pen level, among variables related to pig 
environment and management, for five main welfare indicators: the proportion of lame pigs, 
pigs requiring hospitalisation or with severe tail lesions or severe body marks and the 
enrichment use. In the first instance, we identified risk factors for the 5 welfare outcomes with 
multivariable analyses. Subsequently, we used a multiple correspondence analysis to confirm 
and refine the results of the multivariable analyses and identify the relationship between pen 
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environment and the severity of the different welfare outcomes. Finally, we interpreted the 
results to highlight the risk and protective factors which can be used to identify pen features 
connected to welfare issues and the critical points that should be the focus of veterinarians and 
farmers to improve the welfare of pigs in their care. 
4.3     Materials and methods 
4.3.1    Data and data management 
The collection and management of the data used for this analysis have been described in detail 
in a previous publication (Pandolfi et al., 2017). The data were collected from April 2013 to 
May 2016 in order to assess on-farm pig welfare through the “Real Welfare” assessment 
protocol, as required for those finishing pigs under the Red Tractor Pigs Assurance Scheme. 
The assessment involved five main measures (Table 4.1) taken from a sample of pens on each 
farm during quarterly veterinary visits by trained vets from 89 different veterinary practices 
who underwent the same online and practical training. Hospital pens were excluded from the 
assessment. Each pig was classified as having, or not having one of the lesions reported in 
Table 4.1 and all the measures were transformed into percentages, based on the total number 
of pigs assessed in the pen. Enrichment use was calculated as a ratio based on the following 
formula: 
ܧ݊ݎ݄݅ܿ݉݁݊ݐ	ݑݏ݁	ݎܽݐ݅݋ ൌ ܰݑܾ݉݁ݎ	݋݂	ܽܿݐ݅ݒ݁	݌݅݃ݏ	݅݊ݐ݁ݎܽܿݐ݅݊݃	ݓ݅ݐ݄	ݐ݄݁	݁݊ݎ݄݅ܿ݉݁݊ݐ	ܰݑܾ݉݁ݎ	݋݂	ܽܿݐ݅ݒ݁	݌݅݃ݏ	݅݊ݐ݁ݎܽܿݐ݅݊݃	ݓ݅ݐ݄	݌݁݊	݂݁ܽݐݑݎ݁ݏ	݋ݎ	݌݁݊	݉ܽݐ݁ݏ	݋ݎ	ݓ݅ݐ݄	ݐ݄݁	݁݊ݎ݄݅ܿ݉݁݊ݐ	 
Table 4.1 Measurements used by the veterinarians to assess pig welfare. Each pig in the 
sample selected was classified into one of the several levels for each measurement (the 
classification for enrichment use ratio only concerned the active pigs of the sample). 
Measurements Levels 
Pigs requiring 
hospitalization 
yes: Any pigs seen in the sampled pens that would benefit from being 
separated into a hospital pen. (The nature of the health condition and the 
pen environment will affect this measure). Some types of pigs which may 
benefit from being in a hospital pen include pigs who are sick, injured or 
lame and are unable to compete for resources, being bullied/ tail bitten or 
would benefit from access to bedding that is more comfortable than that 
available in the pen. 
no: Pigs that would not benefit from removal to a hospital pen.  
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Measurements Levels 
Lame pigs lame: Pigs with signs of lameness. Includes any pig that when standing 
will not bear full weight on the affected limb and/or appears to be 
standing on its toes. When moving there is a shortened stride with 
minimum or no weight-bearing on the affected limb and a swagger of the 
hind quarters. May still be able to trot and gallop. 
Non lame: Pigs without any sign of lameness 
Pigs with tail lesions severe: Pigs with severe tail lesions 
Proportion of tail has been removed by biting, or tail is swollen or held 
oddly, or scab covering whole tip or fresh blood visible  
mild: Pigs with mild tail lesions 
Linear lesion extending 1cm or more, or scabs/lesions greater than 0.5cm 
diameter, or swelling visible  
no lesions: Pigs without any of the above lesions  
dirty: Pigs dirty enough to obscure potential mild lesions but not the 
severe ones. Tail end or whole tail is soiled making assessment of lesions 
difficult. 
Pigs with body 
marks 
severe: Pigs with severe body marks  
Lesion is larger than 5x5cm diameter, or lesion extends into deeper layers 
of skin, or lesions cover a large percentage of skin (>25%) 
mild: Pigs with mild body marks  
Linear lesion longer than 10cm  or if there are 3 
or more 3cm lesions or if there is a circular area larger than 1cm diameter 
no lesions: Pigs without any of the above body marks  
dirty: Pigs dirty enough to obscure potential mild body marks but not the 
severe ones. The pig is soiled with > a handsize (15cm x 10cm) of 
fresh/old slurry/urine/faeces, or mud which is dense enough to conceal 
lesions.   
Enrichment use ratio 
(optional) 
enrichment: Pigs interacting with enrichment in the pen. Number of 
standing or sitting pigs investigating a manipulable material, i.e. substrates 
or toy provided as enrichment. 
other: Pigs interacting with other pens features or pen mates. Number of 
standing or sitting pigs manipulating other pigs, pen fittings, pen floor or 
muck. 
Additional information about the sampled pens was also recorded during the visit (Table 4.2). 
The farm, from which the pens were sampled, and the date of the assessment were recorded 
for all pens. 
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Table 4.2 Variables collected by the veterinarians at pen level during the Real Welfare 
assessment. 
Variables Categories 
Pen size small  <30 pigs 
medium ≥30 to <200 pigs 
large ≥200 
 
Pen type indoor (kennels, open + internal divisions or open plan) 
outdoor (shelter + field )  
in&outdoor  (trobridge or kennel + yard) 
other  
 
Ventilation natural 
powered 
 
Feed form pellets 
meal 
liquid 
 
Feed availability ad libitum 
restricted 
 
Feeder type floor 
hopper 
trough 
 
Tail docking docked tails 
undocked tails 
 
Tail length tail lengths ≤0.5 (pens with docked tails, smaller than half the 
original length) 
tail lengths >0.5 (pens with undocked tail, tails longer than 
                            half the original  length or mixed tail lengths) 
 
Pig weight <30kg 
30-50kg 
 >50kg 
 
Enrichment substrate(s) only (straw or other substrates) 
object(s) only (chains, plastic objects or other objects) 
substrate(s) and object(s) 
no enrichment 
 
For the complete database, a sample of pens was assessed from 1 928 farm units. Repeated 
measures were taken in the same farm unit over three years, giving 112 240 records at pen 
level. The Real Welfare protocol was used to assess the prevalence of lameness and pigs 
requiring hospitalization on 5 463 348 pigs, the prevalence of body marks and tail lesions on 2 
952 561 pigs and the enrichment use ratio (which was optional during the assessment) on 497 
724 pigs. 
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4.3.2    Sampling 
The sampling used was a multistage sampling. At the first level, all farms that finish pigs and 
belong to the Red Tractor Pigs Assurance Scheme were sampled. At the second level, several 
pens were randomly selected within each farm in order to be representative of the finisher pig 
places present in the farm (see Pandolfi et al., 2017 for pen sampling details, which are 
documented in full on the Scheme website (http://pork.ahdb.org.uk/health-
welfare/welfare/real-welfare/real-welfare-vets/). The assessments were carried out two to four 
times per year. For units of 300 finisher places or less, a minimum of 300 pigs were sampled 
each year, but for units of 900 finisher places or more, a total of 900 pigs were sampled per 
year. For units of between 300 and 900 finisher places, an equivalent representative proportion 
was sampled. As pen size could be different between farms and the number of pigs required 
depended on herd size, the number of pens selected differed between farms. At the third level, 
selected pens were assessed for all lame pigs and pigs requiring hospitalization and a random 
sample of pigs in the pen was further assessed for tail lesions and body marks (all pigs in the 
pen if there were fewer than 25 pigs, 25 pigs if there were up to 100 pigs, or 50 pigs if there 
were more than 100 pigs, and chosen to be representative of the pen). All the active pigs in the 
pens were assessed for enrichment use.  
A retrospective power calculation was carried out for each welfare outcome, using the 
following equation (Teerenstra et al., 2008): 
Deff= (1+ICC (m-1) 
n’/Deff=n 
n=ܼଶ ሺ௓ഀ/మశ௓ഁሻ
మఙଶ
௘మ  
 The calculation was made for a desired margin of error (e) of 10% and 20% in the mean 
percentage of the welfare outcome and based on the actual sample size. We calculated the 
power of the analysis based on the sample size by accounting for the clustering effect of pens 
within farms. Therefore, we estimated the sample size n as the result of the actual sample size 
n’ (the number of pens designated in the protocol) divided by the design effect Deff and we 
calculated the power based on the value of n.  ICC is the intraclass correlation between pens 
within a farm and m the average number of pens per farm. The value of σ2 (the population 
variance of the welfare outcome), e (margin of error) and ICC (intraclass correlation) were 
estimated from the descriptive analysis (Pandolfi et al., 2017).  Z	 is the value from a standard 
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normal distribution corresponding to the desired confidence level, with α	as the type I error 
(Z=1.96 for 95% CI) and β as the power of the analysis.                                                             
4.3.3    Data analysis 
4.3.3.1     Influence of the environment on the welfare outcomes 
First, the prevalence of the 5 main welfare outcomes was calculated for each pen and each pen 
type.. The distribution of the 5 main welfare outcomes was assessed for normality through the 
histograms. Kruskall Wallis tests with a Bonferonni correction were used to assess the 
differences between pen types. The influence of the other variables related to the environment 
on the different measures of welfare was assessed with a Generalized Linear Mixed Model in 
an analysis performed at pen level. Five different models were built, considering respectively 
as dependent variables: the proportion of pigs that would benefit from removal to a hospital 
pen, the proportion of lame pigs, the proportion of pigs with severe tail lesions, the proportion 
of pigs with severe body marks, the proportion of active pigs that interact with the enrichment 
in preference to other exploratory activities. The sampling date, nested in farm unit, and the 
pen type were considered as random effects. Although different pens could belong to the same 
farm, differences might exist between the different visits over time or season and the changes 
that might occur over time are farm specific (Courboulay et al., 2009; Pandolfi et al., 2017). 
For the five models, the independent variables considered were the variables: pen size, 
ventilation type, weight of the pigs, feed availability, feed form and feeder type, enrichment. 
Data were dichotomised to give categories with and without substrates, objects, 
substrates+objects, or no enrichment for the multivariable analyses. The variables were 
dichotomized in order to ease the interpretation of the multivariable analysis. For the model 
with the proportion of pigs with severe tail lesions, the variable pig weight was transformed as 
follows (pigs≤50kg, pigs>50 kg) to solve a problem of quasi-complete separation. The 
influence of the variables tail docking and length of the tails were also assessed when the 
dependent variable was the proportion of pigs with severe tail lesions, the proportion of pigs 
with severe body marks, or enrichment use ratio.  Similarly, the influence of enrichment use 
ratio was assessed when the dependent variable was the proportion of pigs with severe tail 
lesions or the proportion of pigs with severe body marks. 
Univariate analyses were initially carried out. All of the dependent variables with P<0.1 were 
retained for the multivariable analyses. Associations between dependent variables were 
identified in the previous descriptive analysis, suggesting that the individual contribution of 
each covariate is difficult to assess (Tu et al., 2012). In order to diagnose the potential problem 
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of multicollinearity, the variance inflation factor (VIF) was calculated. Based on this result, 
the variables with VIF≥5 were removed to create the final model (Rogerson, 2001). The 
variables in the final model with P ≤ 0.05 were considered significant.  
4.3.3.2     Multiple correspondence analysis 
A multiple correspondence analysis (MCA) was conducted to analyse systematic patterns of 
variations of environmental characteristics in the pig farms and illustrate the relationship 
between these. The decomposition of the inertia on the two first factorial axes (F1 and F2), 
considered as the most discriminating, was used to eliminate the variables with a low absolute 
contribution. As no standard value has been strictly defined (Messad, 2012), we eliminated 
variables under a subjectively chosen limit of 500 (5% of the total absolute contribution of 10 
000). After this selection, the contributions of the variables to each factorial axis and the plot 
of MCA were used to interpret each factorial axis. In order to better understand the connection 
between the environment and farm practice and the welfare outcomes, the five welfare 
outcomes were transformed into categorical variables and considered as supplementary 
variables in the MCA. For each welfare outcome, a new categorical variable was created 
based on the prevalence of these welfare outcomes. These variables had two categories 
namely presence (at least one pig in the pen) or absence (no pigs in the pen). The position on 
the MCA graph of the welfare outcomes helped to interpret the association with 
environmental variables.  
Moreover, in order to understand the relationship between the magnitude of prevalence of the 
four physical welfare outcomes and the environment, we dichotomized each welfare outcome 
several times based, not only on the presence of the welfare outcome in the pen but also on 
different thresholds (outcome 0.5%, 1%, 5% and 10% higher or lower than the mean) to create 
additional categorical variables with two categories. Following a similar logic, the enrichment 
use ratio was also dichotomized based on different thresholds (0.75, 0.50, 0.20, 0.10). These 
increasing thresholds were arbitrarily chosen to assess if the position on the factorial axes 
changed. After the transformation, these 28 supplementary variables were plotted on the MCA 
graph for interpretation. 
In order to confirm differences in prevalence of the welfare outcomes according to their 
position on the MCA graph, a t-test was used to compare the mean of each of the five 
outcomes between the pens with negative coordinates and those with positive coordinates on 
F1. Moreover, since the different variables representing lameness and pigs requiring 
hospitalization above different limits (0.5%, 1%, 5%, 10%) showed different positions on the 
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MCA graph (moving from upper left to upper right quadrant), a t-test was used to assess if the 
mean prevalence of lameness and pigs requiring hospitalization for pens with positions in the 
upper right quadrant (positive coordinates on F1 and positive coordinates on F2) was higher 
than the mean prevalence of all other pens.  
Data processing was carried out using Microsoft Access Office Professional Plus 2010, 
Microsoft Excel Office Professional Plus 2010 and RStudio for R-3.1.0 software for Windows 
(64 bit) to create the dataset at pens level and perform the analyses. 
4.4     Results 
4.4.1    Sample size 
After adjusting the sample size by accounting for the design effect, the power of the analyses 
with an accepted margin of error of 10% of the real population mean was 72.2% for pigs 
requiring hospitalization, 42.8% for lameness, 30.9% for severe tail lesions, 46.0% severe 
body marks and 100% for enrichment use ratio. With an accepted margin of error of 20% of 
the real population mean, it was 99.9% for pigs requiring hospitalization, 94.5% for lameness, 
83.2% for severe tail lesions, 96.1% severe body marks and 100% for enrichment use ratio. 
The values of σ, e, ICC, m, N and Deff for each welfare outcome can be found in Appendix 
C1. 
4.4.2    Influence of the environment on the welfare outcomes 
Extensive descriptive results have been presented in Chapter 3. At pen level, the mean and 
standard deviation of prevalence of pigs requiring hospitalization was 0.07% (±0.26), the 
prevalence of lame pigs was 0.18% (±0.60), the prevalence of severe tail lesions was 0.14% 
(±0.69), the prevalence of severe body marks was 0.26% (±1.11) and the mean enrichment 
ratio was 0.50% (±0.27).  
4.4.2.1     Lameness 
The mean prevalence of lameness was 0.20% (±1.28) in indoor pens, 0.39% (±1.40) in 
outdoor pens, 0.30% (±1.45) in in&outdoor pens and 0.23% (±2.28) in other pens. The mean 
prevalence was significantly lower in indoor pens compared to outdoor (P<0.01) and 
in&outdoor pens (P=0.03) and significantly higher in outdoor pens compared to in&outdoor 
pens (P<0.01) and other pens (P<0.01). All VIF were between 1 and 2. Compared to the pigs 
fed on meal, the proportion of lame pigs was higher in pens fed on liquid feed (P<0.001) and 
pellets (P=0.03). The proportion of lame pigs was also higher in small (P<0.001) and medium 
 72 
 
pens (P<0.001) compared to large pens. Pens with pigs that weighed between 30 and 50kg had 
less lameness than those with pigs over 50kg (P=0.003). The proportion of lame pigs was also 
lower when substrates were present (P=0.012) but was higher when substrates and objects 
were both present (P<0.001) (Table 4.3). 
Table 4.3 Results of the multivariable analysis of data collected in 112 240 pens between 
2013 and 2016 in pig farms in the UK. A generalized linear mixed model was used to identify 
the impact of environment, feed and enrichment on the proportion of lame pigs at pen level. 
variables  levels Odds           95% CI P values 
Substrates no substrates Baseline       
 substrates 0.87 0.79 0.97 0.012 
Objects no objects Baseline       
 objects 0.89 0.79 1.01 0.069 
Substrates+objects no objects + substrates Baseline       
 objects + substrates 1.46 1.18 1.81 <0.001 
Ventilation type natural ventilation Baseline       
 powered ventilation 1.05 0.93 1.19 0.431 
Weight weight >50kg Baseline       
 weight <30kg 1.48 0.66 3.35 0.343 
 weight 30-50kg 0.80 0.69 0.92 0.003 
Feed form meal Baseline       
 liquid  1.63 1.29 2.05 <0.001 
 pellets 1.21 1.02 1.43 0.027 
Feed availability ad libitum Baseline       
 restricted 1.13 0.92 1.38 0.238 
Pen size large pens Baseline       
 small pens 2.05 1.81 2.32 <0.001 
 medium pens 1.54 1.39 1.71 <0.001 
 73 
 
 
4.4.2.2     Pigs requiring hospitalization 
The mean prevalence of pigs requiring hospitalization was 0.08% (±0.79) in indoor pens, 
0.07% (±0.44) in outdoor pens, 0.13% (±0.87) in in&outdoor pens and 0.09% (±0.66) in other 
pens. The mean prevalence was significantly lower in outdoor pens compared to in&outdoor 
pens (P<0.01) and indoor pens (P<0.01). The mean prevalence was significantly lower in 
indoor pens compared to in&outdoor pens (P=0.02) and other pens (P=0.03). All VIF were 
between 1.53 and 2.31. The proportion of pigs requiring hospitalization was higher when the 
pigs were fed with liquid feed (P<0.001) or pellets (P=0.001) compared to pigs fed with meal. 
This outcome was also more prevalent in pens with powered ventilation (P=0.01) compared to 
natural ventilation, and in small (P<0.001) and medium pens (P<0.001) compared to large 
pens. The proportion of pigs requiring hospitalization also tended to be smaller when 
substrates were present (P=0.050) (Table 4.4). 
Table 4.4 Results of the multivariable analysis of data collected in 112 240 pens between 
2013 and 2016 in pig farms in the UK. A generalized linear mixed model was used to identify 
the impact of environment, feed and enrichment on the proportion of pigs requiring 
hospitalization at pen level. 
variables  levels Odds 95% CI P values 
Substrates no substrates Baseline       
 substrates 0.86 0.73 1.00 0.050 
Objects no objects Baseline       
 objects 0.88 0.75 1.08 0.133 
Ventilation type natural ventilation Baseline       
 powered ventilation 1.25 1.06 1.48 0.010 
Pen size large pens Baseline       
 small pens 2.62 2.18 3.15 <0.001 
 medium pens 1.89 1.61 2.23 <0.001 
Feed form meal Baseline       
 liquid  1.58 1.21 2.06 <0.001 
 pellets 1.38 1.13 1.68 0.001 
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4.4.2.3     Severe tail lesions 
The mean prevalence of severe tail lesions was 0.17% (±1.60) in indoor pens, 0.07% (±0.93) 
in outdoor pens, 0.22% (±1.85) in in&outdoor pens and 0.22% (±1.27) in other pens. The 
mean prevalence was significantly lower in outdoor pens compared to indoor (P=0.05), 
in&outdoor pens (P<0.01) and other pens (P<0.01). All VIF were between 1.01 and 2.79 
except feeder type, which had VIF>5 and was removed from the final model. The proportion 
of severe tail lesions was higher when the pigs were fed with liquid feed (P=0.026) or pellets 
(P=0.003) compared to pigs fed with meal. The proportion of pigs with severe tail lesions was 
higher in small pens (P=0.042) and medium size pens (P<0.001) compared to large pens. The 
proportion of pigs with severe tail lesions was also more prevalent for pigs with a weight over 
50kg compared to those under 50kg (P=0.004). The proportion of pigs with severe tail lesions 
was lower when substrates were present (P=0.012), but was higher when substrates and 
objects were both present (P<0.001). Finally, severe tail lesions were less prevalent in pens 
with pigs with tail longer than half of the undocked size (P=0.046) (Table 4.5).  
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Table 4.5 Results of the multivariable analysis of data collected in 112 240 pens between 
2013 and 2016 in pig farms in the UK.  A generalized linear mixed model was used to identify 
the impact of environment, feed and enrichment on the proportion of pigs with severe tail 
lesions at pen level. 
variables  levels Odds      95% CI P values 
Substrates no substrates Baseline       
 substrates 0.76 0.62 0.94 0.012 
Objects no objects Baseline       
 Objects 0.88 0.70 1.11 0.275 
Substrates+objects no objects+substrates Baseline       
 objects+substrates 2.16 1.53 3.06 <0.001 
Ventilation type natural ventilation Baseline       
 powered ventilation 1.09 0.92 1.29 0.321 
Pen size large pens Baseline       
 small pens 1.24 1.01 1.52 0.042 
 medium pens 1.40 1.17 1.68 <0.001 
Weight weight ≤50kg Baseline       
 weight >50kg 1.39 1.12 1.74 0.004 
Feed form Meal Baseline       
 Liquid 1.48 1.05 2.10 0.026 
 Pellets 1.50 1.14 1.97 0.003 
Tail length tail lengths ≤ 0.5 Baseline       
 tail lengths >0.5 0.82 0.68 1.00 0.046 
 
 
4.4.2.4     Severe body marks 
The mean prevalence of severe body marks was 0.29% (±1.96) in indoor pens, 0.12% (±0.84) 
in outdoor pens, 0.33% (±2.05) in in&outdoor pens and 0.24% (±1.43) in other pens. The 
mean prevalence was significantly lower in outdoor pens compared to in&outdoor pens 
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(P=0.05). All VIF were between 1 and 1.23. The proportion of pigs with severe body marks 
was lower in pens with restricted feed (P<0.001) compared to ad libitum feed but higher in 
pens with powered ventilation (P<0.001) compared to natural ventilation. This outcome was 
also more prevalent for pens of pigs with a weight between 30-50kg (P<0.001) compared to 
those over 50kg.  The proportion of pigs with severe body lesions was lower for pigs with tails 
longer than half of the original length (P=0.046) (Table 4.6). 
Table 4.6 Results of the multivariable analysis of data collected in 112 240 pens between 
2013 and 2016 in pig farms in the UK. A generalized linear mixed model was used to identify 
the impact of environment, feed and enrichment on the proportion of pigs with severe body 
marks at pen level. 
 variables levels  Odds 95% CI P values 
Objects no objects Baseline       
 Objects 1.10 0.97 1.24 0.128
Ventilation type natural ventilation Baseline       
 powered ventilation 1.51 1.33 1.73 <0.001
Weight weight >50kg Baseline       
 weight <30kg 0.73 0.25 2.15 0.566
 weight 30-50kg 1.45 1.20 1.75 <0.001
Feed availability ad libitum Baseline       
 restricted 0.55 0.40 0.75 <0.001
Tail docking docked tails Baseline       
 undocked tails 0.90 0.67 1.20 0.460
Tail length tail lengths ≤0.5 Baseline       
 tail lengths >0.5 0.83 0.68 1.00 0.046
 
4.4.2.5     Enrichment use ratio 
The mean ratio was 0.47 (±0.36) in indoor pens, 0.67 (±0.35) in outdoor pens, 0.40 (±0.39) in 
in&outdoor pens and 0.37 (±0.32) in other pens. The mean ratio was significantly lower in 
indoor pens, in&outdoor pens and other pens compared to outdoor (P<0.001). The mean ratio 
was significantly higher in indoor pens compared to in&outdoor pens (P<0.001). All VIF 
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were between 1 and 2.08. The enrichment use ratio tended to be lower in pens fed with liquid 
feed (P=0.046) compared to the pens fed with meal. The enrichment use ratio was lower in 
pens with powered ventilation compared to natural ventilation (P<0.001), in small (P<0.001) 
and medium pens (P<0.001) compared to large pens. The pigs that weighed between 30-50 kg 
showed more relative interaction with the enrichment than the pigs over 50kg (P<0.001).The 
proportion of pigs that interacted with enrichment instead of other pigs or pen fittings was 
higher when substrates were present in the pen (P<0.001) and when the tails of the pigs were 
not docked (P=0.017) (Table 4.7).  
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Table 4.7 Results of the multivariable analysis of data collected in 112 240 pens between 
2013 and 2016 in pig farms in the UK. A generalized linear mixed model was used to identify 
the impact of environment, feed and enrichment on the enrichment use ratio (proportion of 
pigs that interact with the enrichment in comparison to other exploratory activities). 
variables  levels Odds CI 95% P values 
Substrates no substrates Baseline       
  substrates 1.187 1.086 1.299 <0.001 
Objects no objects Baseline       
  objects 0.92 0.84 1.01 0.093 
Ventilation type natural ventilation Baseline       
  
powered 
ventilation 
0.74 0.65 0.84 <0.001 
Pen size large pens Baseline       
  small pens 0.65 0.59 0.73 <0.001 
  medium pens 0.81 0.74 0.88 <0.001 
Weight weight >50kg Baseline       
  weight <30kg 1.37 0.73 2.59 0.332 
  weight 30-50kg 1.33 1.17 1.51 <0.001 
Feed form meal Baseline       
  liquid  0.78 0.62 0.99 0.045 
  pellets 0.99 0.83 1.19 0.945 
Feed availability ad libitum Baseline       
  restricted 0.92 0.75 1.13 0.448 
Tail docking docked tails Baseline       
  undocked tails 1.22 1.04 1.43 0.017 
 
4.4.3    Multiple Correspondence Analysis 
After a first decomposition of the inertia, the variables related to some pen types, some 
enrichments, ventilation type, feed type, feed availability, feeder type, tail docking, and tail 
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lengths were selected for the analysis (because inertia>500) and transformed into 
dichotomized variables for the analysis (Appendix C.3). The two first factorial axes, after 
running the MCA, represented 39.6% of the total inertia, with 23.5% explained by the first 
factorial axis (F1) and 16.2% explained by the second one (F2) (Appendix C.2). The absolute 
contributions are reported in Appendix C.3. Figure 4.1 shows the patterns of farm 
characteristics. The MCA revealed that certain categories of the variables considered seem to 
be connected as they appear close to each other and are in the same direction on the graph. 
The use of liquid feed was related to restricted feed and distribution of the feed in a trough. 
The feed distributed on the floor was related to in&outdoor pens. Having short-tail pigs was 
related to the presence of plastic objects, pens without straw and powered ventilation. Having 
pigs with undocked or long tails was related to the presence of straw, the absence of plastic 
objects and natural ventilation. Undocked pigs, pens with straw and natural ventilation and 
feeding with meal or pellets had negative coordinates on the horizontal axis (F1) while pens 
with powered ventilated systems, liquid feed, without straw, with tail docked pigs and plastic 
objects for enrichment had positive coordinates on the horizontal axis (F1).  
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Figure 4.1 Graphical solution of the Multiple Correspondence Analysis (MCA) at pen-level 
including 112,240 pig pens, 2013-2016, UK. MCA was used to analyse the pattern of 
relationships of several categorical variables related to the environment. The two first factorial 
were used to reduce the dimensionality of the data and simplify the interpretation. The two 
first factorial axes represented 39.6% of the total inertia (total variance of all variables 
included in the analysis), with 23.5% explained by the first factorial axis (F1) and 16.2% 
explained by the second one (F2) (Appendix C.2). 
 
The variables representing the welfares outcomes were plotted on the MCA graph as 
supplementary variables.  The presence, or a prevalence higher than the mean, for lameness 
and pigs requiring hospitalization were represented close to each other and to the variables 
“no plastic objects” and “natural ventilation”. The presence, or a prevalence higher than the 
mean, for severe tail lesions and body marks were represented close to each other and close to 
the variable “tail docked” and in the same direction as “tail lengths <0.5” and “no straw” 
(Appendix C.4 & C.5).  
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Figure 4.2 shows that the coordinates of the variables representing a percentage of lameness 
or pigs requiring hospitalization higher than 0.5%, 1%, 5% and 10% shift progressively from 
the negative to the positive side of the factorial axis F1. The variables representing the 
enrichment use ratio below the different limits tended to have positive coordinates on the 
factorial axis F1 (Appendix C.6). This observation suggests different associations with the 
environmental variables according to the magnitude of lameness and pigs requiring 
hospitalization within a pen. Although lower percentage values were still close to each other 
and to the variable “no plastic objects” and “natural ventilation”, the variables representing 
higher incidences (1, 5 and 10%) and low enrichment use ratio were located in the same 
direction as liquid feed, trough feeder, floor feeding, restricted feed and in&outdoor pens. The 
variables “severe body marks >10%” and “severe tail lesions >10%” were still close to “no 
straw” and “docked tail pigs” and remained in a similar position to the lower percentages 
(Figure 4.2). 
 
Figure 4.2 Partial representation of the Figure 4.1 plot with the addition of the supplementary 
variables related to different prevalences of lameness, pigs requiring hospitalization, tail 
lesions and body marks on the first and second factorial axis of the MCA graph, along with 
the active variables and the axes connecting the variables (number in bracket on the MCA 
graph): not indoor pen (1),  indoor pen (2), not in&outdoor outdoor pen (3), in&outdoor  pen 
(4), no straw (5), straw (6), no plastic objects (7), plastic objects (8), natural ventilation (9), 
powered ventilation (10), meal feeding (11), liquid feed (12), pellets feeding (13), feed 
always available (ad libitum) (14), restricted feed (15), floor feeding (16), hopper feeding 
(17), trough feeding (18), docked tails (19), undocked tails (20), tail lengths <0.5 (21) and tail 
lengths >0.5 (22). 
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The results of t-tests showed that the pens with positive coordinates on F1 had a higher mean 
percentage of severe tail lesions (P<0.001, mean=0.20) than the pens with negative 
coordinates on F1 (mean=0.14). The pens with positive coordinates on F1 also had higher 
mean percentage of severe body marks (P<0.001, mean=0.34) than the pens with negative 
coordinates on F1 (mean=0.22). In contrast, the pens with negative coordinates on F1 had 
higher mean percentage of lameness (P<0.001, mean=0.22) than the pens with positive 
coordinates on F1 (mean=0.19). The pens with negative coordinates on F1 did not differ in 
the mean percentage of pigs requiring hospitalization (P>0.05, mean=0.08) from the pens 
with positive coordinates on F1 (mean=0.09). The pens with negative coordinates on F1 had 
higher enrichment use ratio (P<0.001, mean=0.53) than the pens with positive coordinates on 
F1 (mean=0.36). Furthermore, results of t-tests showed that the pens with both positive 
coordinates on F1 and positive coordinates on F2 had a higher mean percentage of lameness 
(P<0.001, mean=0.33) than the other pens (mean=0.19) and higher mean percentage of pigs 
requiring hospitalization (P<0.01, mean=0.10) compared to other pens (mean=0.08) .  
4.5     Discussion 
The objective of the study was to identify risk and protective factors for five main welfare 
indicators collected on UK pig farms. The large sample size and the longitudinal nature of the 
data provided a good representativeness of commercial pig farms in the UK. As highlighted 
by Mullan et al. (2009a), a satisfactory estimation of the low prevalence of the welfare 
outcomes can only be achieved with very large sample size. 
4.5.1    Sampling and limitations 
Our choice to conduct the analysis at pen level was supported by the results of Taylor at al. 
(2012), who found no differences in tail biting between systems at farm level but some 
differences for descriptors at pen level. The analysis showed that good power could be 
achieved when a margin of error of maximum 20% from the real population mean for the 
different welfare outcomes was accepted. When a margin of error of maximum 10% from the 
real population mean for the different welfare outcomes was accepted, attemping to increase 
the confidence in the results, the power of the analysis was more limited, especially for 
lameness, severe body marks and severe tail lesions. In multivariable analysis, the P-value 
assesses the strength of the associations between the dependent variables and the potential 
 83 
 
risk factors. As the P-value reflects both the size of the sample and the magnitude of the 
effect (Blumenthal et al., 2001), nationwide collection of large datasets is more effective than 
small samples to reject the null hypothesis and highlight differences. Although several 
different assessors collected the data, information bias was thought to be limited as they all 
received the same formal training. However, this does not exclude potential mistakes in the 
data recorded by the observers. Several studies have shown good inter-observer reliability of 
similar welfare outcome data recorded by trained assessors (Main et al., 2000; Mullan et al., 
2011a). 
The sampling was organized to select, as randomly as possible, pens and pigs representative 
of the farms. Although it is possible that selection bias might have occurred in the first stage, 
since only Assurance Scheme members were represented, Red Tractor members represent 
more than 90% of the pig farmers in England. We used a model that controlled for unknown 
confounding factors connected to farm, time and pen type and the multivariable analysis also 
permitted us to produce odds ratios adjusted for the other covariates in the model. To account 
for the many correlations between variables, we calculated the VIF associated with their 
inclusion. While a VIF < 5 is considered as acceptable (Rogerson et al., 2001), the inclusion 
of variables with a VIF between 1 and 5 might led to some misinterpretations for 
unrepresentative samples (Vatcheva et al., 2016). However, the large sample and the 
combined MCA allowed a better interpretation of the results.   
It must be highlighted that the assessments relate only to pens in the mainstream herd, with 
the exclusion of hospital pens. This is likely to reduce the estimate of the total prevalence of 
problems at farm level, since with good management any seriously sick/injured pigs would be 
moved to hospital pens. Therefore, our assessment was of the association of different 
variables with a reduction of detrimental welfare outcomes in the mainstream herd, as a 
consequence of either a general improvement of welfare in the whole farm or better 
management of sick animals and hospital pens. 
4.5.2    Associations between variables  
The association between variables, and the potential confounding effects arising from this, 
have been highlighted in previous studies (Munsterhjelm et al., 2015a).  In this study, at least 
two sets of interconnected variables were apparent. One set represented variables more 
connected to conventional housing systems (restricted liquid feeding in troughs, and 
unbedded, controlled-environment systems with object enrichment), while the other set were 
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connected to farms that have implemented supplementary “welfare-friendly” initiatives 
(straw, undocked tails).  Moreover, the different welfare outcome measures did not all co-
locate on the MCA plot; a connection appeared between lameness and pigs requiring 
hospitalization, which differed from severe body marks and severe tail lesions that were 
located in the opposite quadrant. The proportion of lame pigs and pigs requiring 
hospitalization had been previously found to be associated in this dataset (Pandolfi et al., 
2017), but results contrast with those of Munsterhjelm et al. (2015b), who also excluded 
hospital pens from their analysis and found a connection between wounds and lameness.   
4.5.3    Pen type and farming system 
As suggested by Gade (2002), both intensive and more extensive systems present advantages 
and disadvantages for animal health and welfare. In the current study, only the prevalence of 
lameness tended to be higher outdoors, and this was higher also in in&outdoor compared to 
indoor pens. The prevalence of pigs requiring hospitalization, severe tail biting damage and 
severe body marks were lower in outdoor pens and the highest prevalence was observed in 
in&outdoor pens. Contrary to our study, higher prevalence of tail biting, skin lesions and 
other health issues in abattoir data were identified in pigs from organic/free range systems in 
Danish herds (Kongsted and Sørensen, 2010;  Alban et al., 2015), but the studies referred to 
all lesions, not specifically the severe ones, and only compared the system without 
considering other environmental parameters. Moreover, Walker et al. (2006) showed that 
outdoor pens do not completely prevent tail biting, but pigs more frequently presented 
moderate wounds with low grade infection. According to the review of Schroder-Petersen et 
al. (2001), indoor and outdoor temperatures both influence tail biting, such that the 
combination of variability in both might further increase risk; this suggests that the greater 
problems seen in in&outdoor pens may relate to control of the thermal environment 
experienced by the animal.  
As reported by D’Eath et al. (2014), welfare issues such as tail biting do not have a single 
cause, making the comparison between systems too simplistic. The MCA helped to clarify the 
complexity of the association between welfare outcomes and the environment. While the 
lower prevalence of lameness and pigs requiring hospitalization showed a certain degree of 
connection with “welfare friendly pens”, the higher prevalence (above 1, 5 or 10%) was 
connected to in&outdoor pens, but also to liquid feed and restricted feed in troughs or on the 
floor. Thus, while a low prevalence of lameness or foot lesions can be expected with outdoor 
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soil (Kilbride et al., 2009a; Kilbride et al., 2009b), the prevalence of welfare outcomes may 
not be only connected to a specific housing system. The complex interaction between welfare 
issues and the different variables might reveal endemic problems which constantly expose the 
animal to several inappropriate features in the environment or problems connected to 
management practices.  
The possible confounding effect between pen types and unrecorded risk factors such as health 
status, previous rearing environment and other management practices (Schroder-Petersen et 
al., 2001; Taylor et al., 2012; D’Eath et al., 2014), dampness and dirtiness (Geers et al., 1990; 
Von Borell et al., 1998, Smulders et al., 2006; van de Weerd et al., 2009), and floor type 
(Gentry et al., 2002; Straw et al., 2006; Kilbride et al., 2009a) should be further explored. For 
example, pigs requiring hospitalization and with severe body marks were found more 
commonly in pens with powered ventilation. Draughts resulting in changed level of activity 
and dirtiness, high concentrations of dust and irritant gases or inadequate temperature are 
several risk factors that might be associated to powered ventilation of poor quality and affect 
pig health or welfare (Defra, 2003, Taylor et al., 2012; D’Eath et al., 2014; Michiels et al., 
2015). Furthermore, although large pens were associated with lower prevalence of lameness, 
for pigs requiring hospitalization and with severe tail lesions, the pen size variable might 
indirectly measure the impact of space allowance, as bigger functional area per pig might be 
expected in larger pens and has been associated to a decrease of tail lesions (Munsterhjelm et 
al., 2015a). Moreover, an experimental study showed no differences in lameness with 
different pen size alone (Vermeer et al., 2014), suggesting that the increase of welfare 
outcomes is not only connected to the pen size but to several parameters in the environment, 
such as pen floor type, level of dirtiness or enrichment provision. One study found that 
farmers with larger herds had better knowledge about hospital pen requirement (Thomsen et 
al., 2016). Farmer perception regarding pig sickness and requirement for hospitalisation is 
likely to differ between individuals. The perception of hospitalisation need may also be 
confounded with production circumstances and the degree of physical, thermal and social 
challenge provided by the home pen.  
4.5.4    Feed  
Similarly to previous studies (Van de Weerd et al., 2009; Temple et al., 2012), pens with pigs 
fed with meal had lower prevalence of lameness, pigs requiring hospitalization and severe tail 
lesions in comparison with pigs fed liquid feed or pellets. The association of pelleted feed 
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(Hunter et al., 2001) and liquid feeding (Temple et al., 2012) with an increase of tail biting 
has been reported in previous studies and might be explained by a better gut health with meal 
feeding (Taylor et al., 2010).  Substrate, meal feed and large pens were associated in our 
previous study (Pandolfi et al., 2017), supporting the multifactorial aspect of welfare issues. 
Feeding systems was also associated with other parameters in the environment which might 
be more directly connected to certain welfare outcomes, such as lameness.  
4.5.5    Enrichment and tail docking 
Pens with substrates had a lower prevalence of lameness, pigs requiring hospitalization and 
severe tail lesions, consistent with previous studies (Courboulay et al., 2009; Van de Weerd et 
al., 2009; Temple et al., 2012; Munsterhjelm et al., 2015a). This might be due to better 
confort provided by straw bedding and the positive impact of straw on animal behaviour. 
However, enrichment type was not associated with severe body marks, as previously 
suggested by other studies (Van de Weerd et al., 2006; Temple et al., 2012). Although 
provision of substrates showed a positive impact on most welfare outcomes, objects were not 
associated with a positive effect but very few pens had no reported enrichment against which 
they could be compared. Many studies have suggested that substrates are more used by pigs 
and thus more effective to reduce inappropriate behaviors towards pen mates, compared to 
different objects (Bracke et al., 2006; Van De Weerd et al., 2006, 2009; Scott et al., 2007, 
2009). However, enrichment with wooden objects or hanging toys has shown positive impact 
in some studies (Scott et al., 2009; Cornale et al., 2015). Despite some differences, straw-
bedded and conventional systems with slats or concrete floors have also shown similarity in 
some animal based measures (Guy et al., 2002; Taylor et al., 2012; Temple et al., 2012), 
suggesting that the substrate alone might not always be able to solve welfare issues. 
Surprisingly,  an increase in lameness and severe tail lesions, which previous studies have 
indicated can be inter-related through infection (Niemi et al., 2012; Munsterhjelm et al., 
2015b), were associated with the presence of objects combined with substrates. This raises 
the question about the confounding effect of substrates associated to objects, as multiple 
enrichments might have been used post hoc to control problems such as tail biting arising 
from other environmental and management issues (Niemi et al., 2012; Munsterhjelm et al., 
2015b).  
Substrate provision tended to be associated with a decrease of prevalence of severe tail 
lesions and farms with this system are less likely to dock tails. The causality of the link 
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between tail docking/tail length and tail biting cannot be inferred, since farms choosing not to 
dock tails, or to dock to a longer length, are likely to be those which have previously 
experienced little tail biting and therefore have lower risk systems for rearing long tailed pigs.  
However, the MCA indicated a certain degree of connection between docked tails, tail lengths 
under 0.5, absence of straw and higher prevalence of severe tail lesions and body marks. This 
confirms conclusions from the earlier study of Moinard et al. (2003) and more recent review 
of D’Eath et al. (2014) which suggested that tail docking, which is used to reduce tail biting 
risk, may not be totally effective on its own.  
4.5.6     Practical recommendations 
The decrease of lameness in younger pigs, consistent with a previous study (Temple et al., 
2012), and the increase of tail biting in older pigs suggests a benefit overall in targeting pigs 
over 50kg for farm welfare assessment. Severe body marks were more prevalent in younger 
pigs, as suggested by Temple et al. (2012). Young pigs are more likely to have been recently 
mixed during group formation and particular attention should be given regarding body marks 
after regrouping.   
Outdoor pigs seem to be m ore suceptible to lameness and the detection of lame pigs should 
be a focal point in outdoor systems. However, the outdoor system showed its benefits by 
improving the other welfare outcomes such as reducing the prevalence of tail biting. 
In&outdoor pens, smaller pens and powered ventilation tended to promote a higher 
prevalence of lameness, pig requiring hospitalization and severe body marks.  
The requirement for pigs to be removed to hospital pens comes from avoidance of further 
damage, contagion or to remove the pigs from a competitive environment to protect their 
welfare (White, 2009). In order to avoid welfare issues, quicker hospitalization or 
intervention should be considered in pens considered at risk.  
Feeding system and the use of substrates, and their consequence for pig behavior and health, 
should be discussed between farmer and veterinarian as potential solutions to reduce 
lameness, pigs requiring hospitalization or tail biting. However, the whole environment 
should be reviewed and appropriate space and features provided to ensure that the needs of 
the animals are fully met.  
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4.6     Conclusions 
Pen type, ventilation system, pen size, enrichment and feed were all associated with an impact 
on welfare outcomes. While the provision of substrate showed a positive impact on several 
welfare outcomes, tail docking does not seem to be effective on its own to reduce tail biting 
prevalence. Veterinarians and farmers should give particular attention to pen environment and 
feeding system to improve animal welfare in all farming systems. This study highlights 
individual risk factors which can be considered to improve animal welfare, but also indicates 
the need to consider the environment as a whole because of potential factor combinations and 
confounds. The “Real Welfare“ assessments carried out as part of farm assurance provide a 
unique opportunity to conduct a risk factor analysis on a large scale database from which to 
derive practical advice and support future formulation of standards for good practice. The 
need for large samples to assess risk factors for welfare outcomes with low prevalence and 
high variability between pens and farms should encourage the collection of additional data in 
the future.  
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Chapter 5    Risk factors associated with the different categories of piglet 
perinatal mortality in French farms 
5.1     Abstract 
We aimed to identify mortality patterns in French farms and to establish risk factors 
associated with different categories of piglet perinatal mortality that occurs during the first 
48h of life. After exclusion of farms with missing data, the analyses were performed, at farm 
level, on data from 146 farms that experienced perinatal mortality problems. At piglet level, 
the analyses were performed on data from 155 farms (7761 piglets). All data were collected 
over a period of 10 years (2004-14) by a consulting company, using a non-probability 
sampling at farm level and a random sampling at sow level. Six main categories of mortality, 
determined by standardised necropsy procedure, represented 84.5% of all the perinatal deaths 
recorded. These six categories were, in order of significance:  Death during farrowing, Non- 
viable, Early sepsis, Mummified, Crushing and Starvation. At farm level, the percentage of 
deaths due to starvation was positively correlated to the percentage of deaths due to crushing 
and the percentage of deaths during farrowing (r>0.30, P<0.05).The percentage of deaths due 
to crushing was negatively correlated to the percentage of deaths due to early sepsis (r<-0.30, 
P<0.05) and positively correlated to the deaths due to acute disease (r>0.30, P<0.05). Patterns 
of perinatal mortality at farm level were identified using a principal component analysis. 
Based on these, the farms could be classified, using ascending hierarchical classification, into 
three different clusters, highlighting issues that underlie farm differences. Risk factors were 
compared at piglet level for the different categories of death. Compared to other categories of 
death, deaths during farrowing were significantly fewer during the night than during the day. 
Compared to other categories of death, the likelihood of non-viable piglets tended to be higher 
in summer than other seasons. A smaller number of deaths in the litter was also identified for 
the piglets classified as non-viable or mummified. For the six main categories of perinatal 
mortality, the piglets which died from a specific category tended to have more littermates 
which died from the same category. Parity and litter size also had more significant effects on 
certain categories of death compared to others. The study provides novel information on the 
risk factors associated with specific categories of piglet perinatal mortality. The classification 
of farms into the 3 different clusters could lead to a more targeted management of perinatal 
mortality on individual farms.   
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5.2     Introduction 
Perinatal mortality is one of the main issues of concern for the pig industry worldwide, 
resulting in decreased sow performance and important economic losses (Houška et al., 2010). 
Piglet deaths are a result of the three way interactions between the piglets, the sow and the 
environment (Alonso-Spilsbury et al., 2007). The great majority of piglet deaths occur at an 
early stage: before birth or during the first days of life (Kilbride et al., 2012; Panzardi et al., 
2013; Westin et al., 2015). The piglets die from a wide variety of causes, with crushing and 
stillbirth reported as being the most important ones. The breed of the sow, parity, litter size, 
placental weight and area, location in the uterus, prenatal nutrition and duration of farrowing 
all influence the health and growth of the fetus and the risk of piglet death (Milligan, et al., 
2002; Rehfeldt and Kuhn, 2006; Canario et al., 2007; Beaulieu et al., 2010; Rootwelt et al., 
2013). Moreover, risk factors related to the piglet itself have also been identified, including 
weight, sex and vitality at birth (Rehfeldt and Kuhn, 2006; Canario et al., 2007; Panzardi et 
al., 2013).  
The different causes of piglet perinatal mortality have been widely reported in the literature, 
but risk factors are not always reported for each individual cause. For example, in the study of 
Panzardi (2013), although different causes of piglet mortality were recorded for the 
population of interest, the identification of risk factors was not related to specific causes of 
death. Studies have increased the understanding of particular causes of death, but they do not 
always provide insights into the understanding of piglet death in all farrowing systems (e.g. 
Pedersen et al., 2006). Moreover, the misclassification of dead piglets in a range of categories 
has been raised as a problem by several studies (Vaillancourt et al., 1990; Vanderhaeghe et 
al., 2010; Kilbride et al., 2012; Westin et al., 2015). Finally, most previous studies focus on 
one or more causes, but do not capture the different patterns of piglet mortality on different 
farms.  
The above observations demonstrate the importance of undertaking further investigations on 
this important topic. We conducted a descriptive cross-sectional study of French pig farms 
who had requested support to reduce piglet perinatal mortality in their farm. The first 
objective of the study was to highlight the variation in the risk factors for the different 
categories of piglet death, instead of considering perinatal mortality as a single entity 
(Panzardi et al., 2013; Ferrari et al., 2014). The second objective was to determine whether 
characteristic clusters of farms could be identified on the basis of their mortality patterns. This 
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classification will help to develop a more targeted response to reduce piglet mortality, through 
the development of different strategies adapted to the different mortality patterns. 
5.3     Materials and methods 
5.3.1    Population of interest 
The data were collected by the CCPA-DELTAVIT Lab., a French consulting company for 
animal nutrition and health. The reference population for this study was French farms with 
piglet perinatal mortality problems; particularly those that had a proactive position to the 
problem. The farms included in the study had either a perinatal mortality problem reported by 
a consultant or veterinarian, or were self-reported by the farmer, thereby creating a broad 
range of inclusion criteria. The farms were either breeder-fattener or specialized breeding 
farms (without fattening pigs). Perinatal mortality was defined as non-viable and mummified 
piglets, stillborn piglets, and piglets born alive which died within the first 48h of life. 
5.3.2    Sampling 
For cost, convenience and to ensure representativeness of the piglet deaths in each farm 
selected, the sampling carried out by CCPA was a multistage cluster sampling. The first stage 
corresponded to a non-probability sampling of farms with perinatal mortality problems. This 
classification as a farm with a perinatal mortality problem was based on a self-assessment. 
The second stage corresponded to a targeted random selection of 20 sows per farm. The sows 
in a farrowing unit at a designated time were selected for this study, whether they had high 
levels of perinatal mortality. For the last stage of sampling, the litter size of these sows were 
recorded and all dead piglets were collected and examined by the laboratory and reported in 
the database. Overall, farms in 12 regions were involved in the study (Alsace, Aquitaine, 
Auvergne, Basse-Normandie, Bretagne, Centre, Franche-Comté, Lorraine, Midi-Pyrénées, 
Normandie, Pays-de-la-Loire, Poitou-Charente). A sample size calculation was carried out in 
order to confirm that, considering the 3 level sampling, the number of piglets available in the 
database was adequate for the objectives of the study (Teerenstra et al., 2008). The minimum 
sample size calculated was 4269 piglets. The details of the calculations are reported in the 
Appendix D.1 of supplementary file. In total, 162 farms reporting perinatal problems 
participated in the audit organized by CCPA between 2004 and 2014 and, therefore, were 
sampled for the study. The sample included 2849 sows and 8666 dead piglets. Therefore the 
sample size was considered adequate for the purposes of this study. 
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5.3.3    Piglet necropsy 
A necropsy was carried out by trained vet in the CCPA laboratory, following a standardized 
methodology to classify piglets. A decision tree, based on multiple criteria, was developed by 
CCPA to classify the dead piglets into 16 different categories during the necropsy: anaemia, 
arthritis, starvation, dehydration/enteritis, crushing, acute disease, malformation, splayleg, 
killed by the sow, killed by the farmer, unknown category, early sepsis, mummified, death 
before farrowing, death during farrowing, non-viable piglet. Only the non-viable piglets, 
defined as piglets weighting less than 800 g, were not necropsied. The definitions and details 
for each of the categories are reported in Appendix D.2. 
5.3.4    Data and data management 
The field work resulted in two datasets: one at piglet and one a sow level. For the purpose of 
the analysis, these datasets were matched to each other to produce two datasets: one at farm 
and one at piglet level. Duplicate records were removed and further data management was 
then conducted either at farm level or piglet level. 
5.3.4.1     Data management at farm level 
For each farm, the percentage of total mortality attributable to each category of perinatal 
mortality, the total percentage of mortality, the average sow parity, the average litter size and 
the average weight of the dead piglets were calculated. The values of the variables for each 
farm were based on the sample of ~ 20 sows selected. 
%	݋݂	݉݋ݎݐ݈ܽ݅ݐݕ	݅݊	ݐ݄݁	ܿܽݐ݁݃݋ݎݕ	ܺ
ൌ ܰݑܾ݉݁ݎ	݋݂	݀݁ܽݐ݄ݏ	݅݊	ݐ݄݁	ܿܽݐ݁݃݋ݎݕ	ܺ/ݐ݋ݐ݈ܽ	݌݈݅݃݁ݐ	݀݁ܽݐ݄ݏ		 
The region where the farm was located was identified from the farm address. Of the 162 
farms assessed, one farm had no location recorded. This farm was kept in the dataset, but with 
region "unknown". In order to avoid misinterpretation and avoid bias of the percentages of the 
different categories of piglet death at farm level, thirteen farms were excluded due to several 
dead piglets without a reported category of mortality. The remaining 149 farms were 
inspected for outliers, for average weight at death and litter size. The first and the third 
quartiles were used for the calculation of the interquartile range (IQR). We identified the 
outliers as those outside the limits of 1.5 x IQR beyond the first and the third quartiles, and 
removed these from the dataset; leaving 146 farms in the sample.  
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5.3.4.2     Data management at piglet level 
After removal of duplicate data, data not biologically possible and piglets without death 
category, the dataset of dead piglets was analysed to identify and remove outliers using the 
IQR rule explained above. We then grouped, in a new “other categories” category, the less 
common causes of death which represented <5% of the total perinatal mortality. Therefore the 
piglets could be classified in one of 7 categories (Table 5.1). A season (spring, summer, 
autumn, or winter) was assigned to the piglet based on its date of birth. 
Table 5.1 Categories and definitons of piglet perinatal mortality.  
Categories Definitions 
Non-viable Piglets < 800g excluding mummified piglets 
Starvation Mature lungs, abrasion of the feet, death after farrowing, empty stomach and 
intestine, no organ lesions visible during the necropsy, urate crystals in the 
kidneys 
Crushing Mature lungs, death after farrowing, lesions of trauma, signs of compression on 
the skin, internal bleeding, broken rib, tongue hanging out of the mouth 
Early sepsis  Incomplete lung maturation, lack of abrasion of the feet, no signs of autolysis 
lesions but lesions of septicaemia, inflammatory lesions, peritonitis, fibrin in the 
abdomen, systemic lymphadenomegaly and lymphadenitis. 
Mummified Death during gestation after ossification, signs of mummification 
Death 
during 
farrowing 
Incomplete lung maturation, lack of abrasion of the feet, differential colour of 
the organs, congestion of the intestine, meconium on the skin, pale skin with 
purplish skin haemorrhage, no signs of septicaemia 
Other 
categories 
Piglets which have not been identified as one of the 6 categories reported above 
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5.3.5    Data analysis 
For each continuous variable, at farm and piglet level, the median, the first and third quartile, 
minimum and maximum values were calculated The percentage distributions were described 
for the following categorical variables: Region, Regional categories (region E with >2000000 
pigs, region D with 1000000-2000000 pigs, region C with 500000-1000000 pigs, region B 
with 200000-50000 pigs, region A with <200000 pigs), Season and Time of death (night/day) 
(Appendix D.3). 
5.3.5.1     Farm level analysis 
In order to understand the association between the different categories of piglet death and 
estimate the necessity of omitting variables in the Principal Component Analysis (PCA) (see 
below), correlation coefficients were calculated. Data on the percentages of mortality, the 
average litter size, the average weight of dead piglets and the average parity were evaluated 
for normality using the Shapiro-Wilk test. Pearson’s correlation coefficients were calculated 
for continuous variables with a normal distribution and Spearman's rank correlation 
coefficients for the continuous variables not normally distributed.  
To identify perinatal mortality patterns and classify the farms according to these, a PCA and 
an Ascending Hierarchical Clustering (AHC) were used (Messad, 2012). Eight variables were 
considered in the analysis to identify farm profiles: the percentage of the 6 most common 
categories of perinatal mortality identified above, the average litter size and the average 
weight of the dead piglets. This analysis used a similar methodology to that applied to identify 
sub-scales in animal-based measures expressed in percentages (Munsterhjelm et al., 2015b). 
The average weight of dead piglets and the percentage of non-viable piglets were highly 
negatively correlated, which could increase their contribution to the components and slightly 
overemphasize the projected inertia of the components they belong to.  However, considering 
that the weight of the dead piglets might also have an impact independently from the 
percentage of non-viable piglets, we decided to keep both variables in the analysis. We 
inspected the barplot of the Eigenvalues and we based the selection of the number of 
components on the Kaiser criterion (Kaiser, 1960). The cumulative percentage of the 
projected inertia was calculated. The contributions to the principal components (absolute 
contributions) and the quality of the representation of the variables on the component (relative 
contributions) were also calculated. In order to assess the possible impact of the small 
sampling error, we calculated the Jackknife values, the Jackknife estimate of standard error 
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and the Jackknife estimate of bias for the eigenvalues of the three first components. The 
nonparametric bootstrap procedure was used to assess the stability of the Eigenvalues and 
visualize the histograms of these values (Besse, 1989).   
We used an AHC based on the variables used in the PCA, to place individual farms into 
different classes. The “Euclidean” distance was calculated between the individual farms based 
on the 3 first components selected from the PCA and the clustering was achieved based on the 
“Ward” criteria. A diagram of the indices of clustering and a cluster dendogram were built to 
choose the number of clusters,  which was based on the drop of the indices of clustering on 
the diagram and the length of the tree branches on the dendogram.  
 The association between the partition and the variables which had not been used to build the 
classes (the percentage of all other categories of mortality, total percentage of dead piglets, 
average parity, season, region category, year) was analysed with test values by comparing the 
mean of the continuous variables, or the proportion for categorical variables, in the cluster and 
the total sample (Messad, 2012). 
5.3.5.2     Piglet level analysis 
To identify risk factors for the 7 categories of perinatal mortality, we used models which 
captured the two levels of hierarchy (sows and farms) and the effect of time (year), in an 
analysis performed at piglet level. The nature of the available data did not allow a classical 
risk factor analysis through comparison with piglets still alive after 48 hours, for which we 
had limited data. Therefore, the analysis focused on the comparison of each of the seven 
categories of mortality with all the other categories, to highlight particular factors related to 
certain categories of mortality. To solve the problem of quasi-complete separation for certain 
variables in the dataset, we used a maximum a posteriori estimation for generalized linear 
mixed-effects models in a Bayesian setting (Dorie, 2014). A weak prior was added to the 
fixed effects of the generalized linear mixed-effects models. Seven models were used– one for 
each category of death. The dependent variable was the binary data related to the category of 
death (died from the category of interest vs died from another category) for the following 
seven categories: early sepsis, death during farrowing, crushing, starvation, non-viable, 
mummified and ‘other’. In each model, the independent variables were categorical variables 
(season, parity, time of death (night/day), weight of the dead piglets) and continuous variables 
(litter size, number of deaths in the same litter, number of other deaths from the same 
category). In order to solve the problem of convergence of the models, the weight of the dead 
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piglets was transformed into a categorical variable (equal or under the mean (≤1031g) vs 
above the mean (>1031g)) and the parity was grouped in three categories (Parity1 to 2, Parity 
3 to 5 and Parity≥6). The sow nested within farm and the year was considered as a random 
effect. For all models, univariate analyses were first conducted for the independent variables. 
Only the variables with P≤ 0.25 were selected for the multivariate models. Variables not 
significant in the multivariate model, which increased the value of the AIC and the BIC, were 
removed from the model. The interactions between variables were not tested.  
For two categories of mortality, the weight of the piglets was limited by definition: non-viable 
piglets could not exceed 800g and mummification is associated with foetal death and 
therefore results in reduced average weight of the piglets. These impact on the general mean 
weight compared to the mean weight of the category of interest in the different models. For a 
better understanding of the weight differences between each of the categories of death, we 
conducted an ANOVA test to compare the mean weights of the different categories. A Fligner 
test was conducted to assess the homogeneity of the variance and a post hoc test carried out to 
compare the mean weights of individual categories of death, with the Bonferroni correction 
used for these comparisons to avoid an over-estimation of the differences. The difference was 
considered significant when a P-value lower than 0.05 was obtained (Crawley, 2013). 
Finally, in order to comment on the timing of the death of the mummified piglets during 
pregnancy, we approximated the gestation day of the fetal death on the basis of the crown-
rump length transformation developed by Ullrey (1965) (Straw et al., 2006) and described this 
distribution. 
 
Data processing was carried out using Microsoft Access Office Professional Plus 2010 and 
Microsoft Excel Office Professional Plus 2010 to create the datasets. The data were analysed 
with RStudio for R-3.1.0 software for Windows (64 bit).   
5.4     Results 
5.4.1    Descriptive analysis at farm level 
From the 149 selected, three farms were identified as outliers. One farm had an average parity 
of 6.42, which was considered abnormally high, while two farms had an average litter size of 
11.7 and 11.1, which were considered abnormally low. After data processing and outlier 
removal, the final database included 146 farms in which an average of 18.1±5.62 sows per 
farm was finally sampled. From these sows, 40,101 piglets were born including 7,928 that 
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died before farrowing or within the 48h after birth. More than 80 % of the farms were from 
the most pig productive regions in France, with a pig population of more than 1,000,000 pigs 
(Regions D and E). In this sample, moore than 90% of the farms had a percentage of perinatal 
mortality between 10 and 30%. The results of the descriptive analysis for the different 
categories of perinatal mortality are presented in Table 5.2.  
Table 5.2 Descriptive analysis of the categories of perinatal mortality at farm level: 
Median, 1st quartile, 3rd quartile, minimum and maximum values for the percentage of dead 
piglets attributed to each category, the percentage of total piglet deaths (TPM), the average 
parity (AVGP), the average litter size (AVGL) and the average weight of the dead piglets 
(AVGW). 
  min 1st quartile median 3rd quartile max 
Anemia (%) 0 0 0 0.58 34.4 
Arthritis (%) 0 0 0 0 1.41 
Starvation (%) 0 0.32 0.81 1.69 25 
Dehydration/enteritis (%) 0 0 0 0.203 10.2 
Crushing (%) 0 0.34 1.33 2.26 30.2 
Unknown (%) 0 0 0 0.455 23.9 
Early sepsis (%) 0 1.76 2.86 4.84 64.7 
Acute disease (%) 0 0 0.49 1.26 28 
Malformation (%) 0 0 0 0.31 5.63 
Mummified (%) 0 0.933 1.89 3.08 40.5 
Death before farrowing (%) 0 0 0.57 1.17 22.9 
Death during farrowing (%) 0 2.83 4.1 5.58 65.8 
Non-viable (%) 0 2.41 3.95 5.87 43.4 
Splayleg (%) 0 0 0 0 7.98 
Killed by the sow (%) 0 0 0 0.35 10.7 
Killed by the farmer (%) 0 0 0 0 3.79 
Total piglet mortality (TPM) (%) 5.15 16.8 19.9 23.5 40.1 
Average sow parity (AVGP) 2.64 3.47 3.93 4.5 6 
Average litter size (AVGL) 12.6 14.8 15.6 16.3 18.4 
Average weight of the dead 
piglets(AVGW) (g) 
765 963 1036 1125 1367 
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5.4.2    Correlations at farm level 
All variables, with the exception AVGL and AVGW, were not normally distributed (P<0.05). 
The correlations were considered significant for r>0.3 and P<0.05. The average weight of 
dead piglets was negatively correlated to the percentage of mummified piglets (r=-0.371, 
P<0.01) and non-viable piglets (r=-0.728, P<0.01) and positively correlated with the 
percentage of early sepsis (r=0.324, P<0.01). The percentage of early sepsis was negatively 
correlated to the percentage of death by crushing (r=-0.457, P<0.01). The percentage of piglet 
deaths due to acute disease was positively correlated to the percentage of deaths by crushing 
(r=0.408, P<0.01). The percentage of piglet deaths during farrowing was negatively correlated 
to the percentage of piglet deaths due to starvation (r=-0.391, P<0.01). The percentage of 
piglet deaths by crushing was positively correlated with the percentage of piglet deaths due to 
starvation (r=0.333, P<0.01). 
5.4.3    Principal Components Analysis 
The results showed that four components had an Eigenvalue higher than 1. The first three 
components were retained in the model as the Eigenvalue of the fourth component was very 
close to 1. These three components explained 62.76 % of the total variance for the eight 
variables of the dataset (Appendix D.4). The Jackknife estimations of the standard error of the 
Eigenvalues were 0.172 for the first component, 0.133 for the second component and 0.107 
for the third component. After bootstrapping, the confidence intervals of the cumulative 
projected inertia of the 3 first components ranged from 56.86% to 72.41% (Apppendix D.5). 
The absolute and the relative contributions of the variables for each component are reported in 
Appendix D.6. 
5.4.4    Ascending Hierarchical Classification 
A partition into three clusters was determined after the examination of the diagrams. A drop 
in the indices of the clustering after the second barplot of the cumulative indices of clustering 
of the farms, and a longer length of the tree branches for a partition in three clusters instead of 
a higher partition, suggested this to be the best classification (Appendix D.7) 
 
 A visual inspection of the partition of the farms, represented on the factor map of components 
1 and 2, shows the differences between the different clusters (Figure 5.1). Cluster 2 tended to 
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have higher coordinates on factorial axis 1; Cluster 3 tended to have higher coordinates on 
factorial axis 2 but lower on factorial axis 1, whereas Cluster 1 tended to have low coordinates 
on factorial axis 2. 
 
Figure 5.1 Three different clusters of farms were identified by Ascendant Hierarchical 
Clustering (AHC) in a sample of French pig farms and represented on the factorial plane 1-2 
of the Principal Component Analysis (x-axis: Principal Component 1 (PC1), y-axis: Principal 
Component 2 (PC2)). The percentage of the variance of the active variables explained by the 
two first Components are also given on the axes. Differences between clusters can be 
identified by the higher coordinates they show on particular factorial axes. 
 
The description of the variables used for the PCA and the additional continuous variables for 
each cluster can be seen in Table 5.3. The test values used to compare the mean of the 
continuous variables, or the proportion for categorical variables, in the cluster and the total 
sample enabled the evaluation of additional differences between clusters. The percentage of 
piglets dying from acute disease was significantly higher for cluster 1 and significantly lower 
for cluster 2. The percentage of piglets dying from dehydration/enteritis was significantly 
higher in cluster 1. The percentage of mortality, the percentage of splayleg and the percentage 
of piglets killed by the sow was significantly lower for cluster 2. The proportion of farms 
from the regions with more than 2, 000,000 pigs was significantly higher in cluster 1 and 
significantly lower for cluster 3. The proportion of farms from the regions with 200,000 to 
500,000 pigs was significantly higher in cluster 3 and significantly lower for cluster 1. 
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Table 5.3 Description of 3 clusters identified amongst 146 French pig farms through a 
Principal Component Analysis (PCA). This description was based on 8 active variables (the 6 
most common categories of perinatal death, average litter size, average weight of the dead 
piglets) and supplementary variables. The supplementary variables tested for the analysis 
were: percentage of acute disease, dehydration/enteritis, splayleg, piglets killed by the sows, 
piglets killed by the farmer, death before farrowing, malformation, unknown categories, 
arthritis, anemia, average parity, year, season, region category. 
           Cluster 1     Cluster 2    Cluster 3 
  Mean SD mean SD mean SD 
Active variables 
Starvation (%) 8.95 5.62 2.22 2.42 2.89 3.13 
Crushing (%) 11.21 7.19 2.20 3.42 4.87 4.15 
Early sepsis (%) 15.21 8.37 27.82 17.57 15.54 10.72 
Mummified piglets 
(%) 10.33 5.85 4.13 3.64 13.86 7.66 
Death during 
farrowing (%) 18.03 8.10 40.91 13.86 21.54 8.83 
Non-viable piglets (%) 18.34 7.20 12.23 5.78 27.71 8.80 
Average litter size 15.31 1.00 15.03 1.12 15.99 1.19 
Average weight (g) 1082.46 84.27 1184.56 86.26 943.43 68.93 
Supplementary variables 
Acute disease (%) 5.32* 5.61 1.27* 2.45 3.50 3.68 
Dehydration /Enteritis 
(%) 1.33* 2.34 0.26 0.91 0.57 1.20 
Splayleg(%) 0.77 1.66 0* 0.00 0.53 1.55 
Killed by the sows (%) 1.14 1.83 0.25* 0.87 0.94 1.62 
Total mortality (%) 21.04 5.76 16.65* 3.73 20.62 5.52 
* variables significantly associated to the cluster 
 
5.4.5    Descriptive analysis at piglet level 
After removing the outliers, 7761 piglets that died before farrowing or within the 48h after 
birth were included in the analysis. These dead piglets were part of 37,356 piglets born and 
belonged to 155 different farms. The great majority of the farms were from two regions, 
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Bretagne (50%) and Pays de la Loire (21%), due to the proximity of the Laboratory to these. 
The mean weight of the dead piglets was 1031g with a standard deviation of 437.9g. The 
average litter size at birth was 16.8 piglets per sow, with a minimum of 9 and a maximum of 
25. The description of the categorical data is presented in Table 5.4. 
Table 5.4 Categorical explanatory variables used for the multivariable analysis of the 7 
categories of perinatal mortality considered at piglet level in French farms. 
Variables Levels 
n 
(piglets) % Variables Levels 
 n 
(piglets) % 
Parity 1 1018 13.12 Day day 4456 57.42
  2 889 11.45   night 3305 42.58
  3 1169 15.06     
  4 1201 15.47 Season Autumn 1617 20.83
  5 1082 13.94   Winter 2213 28.51
  6 973 12.54   Spring 2185 28.15
  7 661 8.52  Summer 1746 22.50
  8 422 5.44     
  9 216 2.78     
  10 97 1.25     
  11 26 0.34     
  12 6 0.08       
  13 1 0.01      
 
The six mortality categories considered in the analysis represented 84.41% of the total 
perinatal mortality (Table 5.5).  
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Table 5.5 The 7 categories of perinatal mortality in the sample of French pig farms: number 
of piglets and percentages under each category. 
Categories 
Number of 
piglets 
   Percentages 
Death during farrowing 1785 (23.0%) 
Non-viable 1658 (21.4%) 
Early sepsis 1366 (17.6%) 
Mummified 856 (11.0%) 
Crushing 608 (7.83%) 
Starvation 433 (5.58%) 
Other 1055 (13.59%) 
Total 7761 (100%) 
 
5.4.6    Risk factor analysis 
5.4.6.1     Early sepsis 
Compared to all the other categories of death, the piglets which died with signs of early-sepsis 
tended to have more littermates which also died with signs of early sepsis. Piglets in parities 3 
to 5 were more likely to die with signs of early sepsis than being classified in another category 
of death, compared to piglets from parities 1 and 2 (Table 5.6). 
5.4.6.2     Non-viable piglets 
Compared to all the other categories of death, the farms had less likelihood of non-viable 
piglets in summer than in autumn and spring (P~0.05). The likelihood of being non-viable 
slightly decreased when the number of deaths in the litter increased. Compared to all the other 
categories of death, the non-viable piglets tended to have more littermates which were also 
non-viable piglets (Table 5.6). 
5.4.6.3     Death during the farrowing 
The deaths during farrowing were significantly fewer during the night than during the day 
compared to other categories of death.  The piglets which died during farrowing tended to 
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have more littermates which also died during farrowing. Piglets were more likely to die 
during farrowing than being classified in another category of death for parities 3 to 5 
compared to parities 1 and 2 (Table 5.6).  
5.4.6.4     Mummified 
Compared to all other categories of death, the likelihood of being mummfied slightly 
decreased when the number of deaths in the litter increased. Mummified piglets tended to 
have more littermates which were also mummified piglets, than piglets which died from all 
other categories (Table 5.6). 
5.4.6.5     Crushing 
Piglets were less likely to die with signs of crushing than being classified in another category 
of death in parities 3 and above, compared to parities 1 and 2. The piglets which died with 
signs of crushing tended to have more littermates which also died with signs of crushing than 
piglets which died from all other categories (Table 5.7). 
5.4.6.6     Starvation 
  Piglets were less likely to die with signs of starvation than being classified in another 
category in parities 3 to 5 compared to parities 1 and 2. The piglets that died from starvation 
tended to have more littermates which also died from starvation than piglets which died from 
all other categories (Table 5.7). 
5.4.6.7     Other categories 
Piglets were more likely to be classified in “other categories” than in the six main categories 
of piglet death in parities 3 to 5 than in parities 1 and 2. The piglets which died from “other 
categories” tended to be from smaller litters and to have more littermates which died from 
“other categories” than piglets which died from the 6 main categories of piglet death (Table 
5.7).  
5.4.7    Weight by category 
The mean weights, the standard deviations (SD) and the number of piglets (N) for each 
category are reported in Table 5.8. The Fligner test showed heterogeneity of the variance of 
the weight for the different categories of mortality. However, the ANOVA had enough 
robustness to show the significant differences in weight between some categories of mortality 
(P<0.05). 
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Table 5.6 Multivariate analysis at piglet level for the categories: Early sepsis, Non-viable, Death during farrowing, and Mummified. Odds ratios, 
confidence interval and P-values of the explanary variables in the final models for the analysis of risk factors for the 7 categories and of perinatal mortality 
in a sample of French pig farms. 
    Early sepsis Non-viable Death during farrowing Mummified 
variables level 
Odds 
ratios CI 95% P-values 
Odds 
ratios CI 95% P-values 
Odds 
ratios CI 95% P-values 
Odds 
ratios CI 95% P-values 
  (Intercept) 0.061 0.044 0.084 <0.001 0.593 0.472 0.746 <0.001 0.093 0.075 0.116 <0.001 0.338 0.243 0.471 <0.001 
M1 Day NT       NT       Baseline       NT       
  Night                 0.853 0.753 0.966 0.012         
W1 <Mean Baseline       Baseline       Baseline       Baseline       
  >Mean 4.099 3.558 4.723 <0.001 0.000 0.000 0.002 <0.001 4.134 3.648 4.686 <0.001 0.069 0.054 0.089 <0.001 
N1 DEATH NT       0.950 0.923 0.977 <0.001 NT       0.880 0.850 0.911 <0.001 
O1 O… 1.210 1.124 1.303 <0.001 1.311 1.239 1.386 <0.001 1.206 1.146 1.269 <0.001 1.695 1.537 1.870 <0.001 
S1 Summer NT       Baseline       NT       Baseline       
  Autumn         1.258 0.994 1.592 0.056         0.940 0.665 1.328 0.726 
  Spring         1.241 0.992 1.553 0.059         0.803 0.583 1.106 0.180 
  Winter         1.152 0.927 1.432 0.201         0.893 0.650 1.227 0.485 
P1 P1-2 Baseline       NT       Baseline       NT       
  P2-5 1.241 1.033 1.490 0.021         1.346 1.142 1.585 <0.001 0.926 0.738 1.162 0.509 
  P>=6 1.094 0.923 1.298 0.300         1.149 0.985 1.339 0.077 1.143 0.937 1.396 0.188 
L1 LITTER NT       NT       NT       NT       
NT: Not tested because not included in the final model.  CI 95%: confidence intervals at 95%  
1 M: Moment of the death during the day, W: Weight, N: Number of death in the litter, O: Other piglets death from the same cause, S: Season, P: Parity, L: 
Litter size 
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Table 5.7 Multivariate analysis at piglet level for the categories: Crushing, Starvation and Other. Odds ratios, confidence interval and P-values of the 
explanary variables in the final models  for the analysis of  risk factors for the 7 main categories and of perinatal mortality in a sample of French pig farms. 
 
NT: Not tested because not included in the final model.  CI 95%: confidence intervals at 95%
    Crushing Starvation Other 
variables level 
Odds 
ratio CI 95% P-values 
Odds 
ratios CI 95% P-values 
Odds 
ratios CI 95% P-values 
  (Intercept) 0.02698 0.019 0.037 <0.001 0.030 0.019 0.045 <0.001 0.169 0.108 0.264 <0.001 
Moment of the death during the day Day NT       Baseline       NT       
  Night         1.198 0.976 1.470 0.084         
Weight <Mean Baseline       Baseline       Baseline       
  >Mean 3.901 3.198 4.758 <0.001 1.649 1.350 2.013 <0.001 2.274 1.966 2.630 <0.001 
Number of death in the litter DEATH NT       NT       NT       
Other piglets death from the same 
cause O… 1.546 1.386 1.724 <0.001 1.498 1.307 1.717 <0.001 1.332 1.258 1.412 <0.001 
Season Summer NT       NT               
  Autumn                         
  Spring                         
  Winter                         
Parity P1-2 Baseline       Baseline       Baseline       
  P2-5 0.68292 0.539 0.865 0.002 0.734 0.558 0.965 0.027 0.694 0.571 0.844 <0.001 
  P>=6 0.77129 0.622 0.957 0.018 0.901 0.708 1.146 0.394 0.927 0.779 1.104 0.395 
Litter size LITTER NT       NT       0.959 0.937 0.982 <0.001 
 106 
 
Table 5.8 Mean and Standard deviation of the weight (g) per category of mortality. Each mean weight which was significantly different from the 
mean weight of another category of perinatal death is reported. The crosses indicate which categories of death had a significantly different mean 
weight compared to the mean weights of the category of interest. 
 
X: Significantly different mean weight  (Pvalue<0.05, with Bonferroni correction)
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5.4.8    Length of mummified piglets 
The length of the mummies ranged from 12 to 360 mm. Fetal age was estimated by the size of the 
mummies: 90.4% of the mummies had a size between 80 and 280 mm (equivalent to a fetal age 
between 45 and 108 days of gestation), 98.3% of the mummies occured after day 40 and 78% of 
the foetal mummification occurred after day 65 (Appendix D.8). 
5.5     Discussion 
The design of the analysis was chosen to identify the impact of various factors for a specific 
category of perinatal death, in comparison to the impact on all other categories of death, in a 
sample of French pig farms which experienced perinatal mortality problems. Therefore, the study 
was designed to highlight the differences between categories, rather than identifying an 
independent list of risk factors for each of the categories considered. Moreover, the analysis 
undertaken allowed us to classify the farms according to their perinatal mortality patterns. 
Because of the nature of the dataset used, its limitations and potential for bias are considered first.  
5.5.1    Sampling and design limitations 
This study highlights the benefits from using available databases as a valuable source of 
information for a secondary data analysis. The sample used had a geographical stratification close 
to the one which exists in French pig farms. The average perinatal mortality rate for the whole 
experimental population was 20.2% which is very close to the French national average 
preweaning mortality (20.0%) (IFIP-GTTT, 2014). It should be noted however, that our analysis 
only considered deaths in the first 48 hours of life; a higher mortality rate might have been 
observed if we also had recorded mortality for a longer time after birth, as they did in different 
studies (Su et al., 2007; Strange et al., 2013, IFIP-GTTT, 2014). Moreover, the percentage of 
stillborn piglets, excluding mummified piglets, was 9.25% of the piglets born, which is higher 
than the French national average (6.90%) (IFIP-GTTT, 2014). The results should be of particular 
relevance to farms which experience perinatal mortality problems and proactively investigate this 
problem. 
5.5.1.1      Selection bias and confounding 
The missing information about the intra-cluster coefficient could have led to an underestimate of 
the minimal number of piglets necessary for the analysis, but the sample size was calculated to be 
more than adequate.  Although there was a potential bias in the farm selection because of the 
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voluntary decision to participate in the piglet mortality audit, the affiliation to CCPA had the 
positive impact of standardizing the reporting and the piglet mortality classification. This reduced 
the bias in selection of piglets, since a random group of sows was studied at each farm and all 
dead piglets were taken from the sampled litters. In order to control for unknown confounding 
factors connected to the farm or to the sow, we used a logistic regression with two levels of 
hierarchy (sow nested within farm). The multivariate analysis also permitted us to produce Odds 
ratios adjsted for the other covariates in the model. The PCA and AHC did not account for the 
potential sampling error, as the analysis was based on percentages. The quasi-normal bootstrap 
distribution of the Eigenvalues, based on the visualization of the histogram, was judged to 
provide an acceptable proof of the stability of the result of the PCA. 
5.5.1.2     Information bias 
The information was collected over a relatively long period of time and so the variable ‘year’ was 
included as a random effect in each model in order to control its impact.  The necropsies were 
carried out according to a standard operating procedure by trained staff.  Although the reporting 
form for farm data was standardized, each farmer was responsible for recording and may have 
noted variables in a different way (e.g. recall, intermediate record before completing the 
standardized reporting sheet); alternatively, bias might have been introduced by different 
interpretations of the real information. However, the fact that the data were collected on the same 
day as the piglet deaths reduced the bias which might be found in retrospective data. 
5.5.2    Risk factors  
5.5.2.1     Effect of litter size and number of littermates which died from the same category  
Some risk factors had a similar impact on all main categories of death. Litter size did not 
influence the chance to die from one specific category compared to others, except for the category 
“other”.  This observation confirms that litter size acts as a general risk factor for the most 
important categories of piglet mortality (Canario et al., 2007; Beaulieu et al., 2010).  
For the six main categories of perinatal mortality, the piglets which died from a specific category 
tended to have more littermates which died from the same category of mortality. This fact raises 
the question of the influence of factors related to the sow, the animal keeper or the farm which 
impact several piglets in the litter at the same time (Pedersen et al., 2006; Kilbride et al., 2012; 
Kirkden et al., 2013a). The total number of deaths in the litter tended to be lower for mummified 
and non-viable piglets than for other categories of mortality. These litters might have more deaths 
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at the embryonic stage and therefore reduce the number of deaths considered at birth as these 
deaths couldn’t be identified (Knight et al., 1977; Vanderhaeghe et al., 2010). Although, risk 
factors with a common influence on the different categories of piglet death were identified, some 
of the studied risk factors had a particular impact on specific categories of perinatal death. 
5.5.2.2     Stillbirths 
The mean weight of the piglets dead before farrowing with signs of autolysis was significantly 
lower than the mean weight for the two other categories of stillbirths (death during farrowing and 
early sepsis). A previous study has also reported weight differences amongst stillborn piglets, 
with 41% of the piglets with a weight smaller than 1kg, but 45% with a weight higher than 1.4kg 
(Fischer et al., 2005). In the literature, different mechanisms have been associated to stillborn 
piglets. A lower birth weight has been correlated to the probability of stillbirth and the level of 
asphyxia during farrowing (Cozler et al., 2002; Herpin et al., 2002). Limitation of the placental 
area by the larger litter size may lead to smaller piglets and less chance of survival (Rootwelt et 
al., 2013). The difference in litter size can impact litter weight, but this parameter alone may not 
be a good indicator of the placental capacity, as uterine capacity differs between sows (Van Der 
Lende and Van Rens, 2003).  Low birth weight of the piglet has been associated with an increased 
risk of stillbirth and pre-weaning mortality in different studies (Škorjanc et al., 2007; Beaulieu et 
al., 2010). However, instead of the cause, low birth weight may also be a consequence of death 
early during the pregnancy due to causes such as infectious diseases (Maldonado et al., 2005; 
Basso et al., 2015). Studies have also reported other categories of stillbirths during labour due to 
hypoxia and the rupture of the umbilical cord (Mota-Rojas et al., 2002; Herpin et al., 2002; 
Fischer et al., 2005; Trujillo-Ortega et al., 2011). 
We found fewer deaths at farrowing during the night than during the day compared to all the other 
categories of death, consistent with Vanderhaeghe et al. (2010) who highlighted the fact that other 
daylight activities might stress the sows during farrowing and that stillbirths may be associated 
with the supervision of the farrowing itself.  Thus, the absence of inappropriate supervision during 
the night might explain the reduced number of deaths during farrowing. The details about 
farrowing assistance and drug injections carried out in the different farms might be of interest to 
understand the influence of such factors.   
Finally, compared to all the other categories, piglets were more likely to die during farrowing or 
die with signs of early sepsis in parities 3 to 5 than in parities 1 or 2. This is in agreement with 
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other studies in which the risk of stillbirth was higher for sows of parity above 4 who usually 
farrow bigger litters (Lucia et al., 2002; Borges et al., 2005). 
5.5.2.3     Mummified piglets 
The distribution of the length of the mummies did not show the bimodal distribution found in a 
previous study (Vanderhaeghe et al., 2010) which might be the consequence of missing some of 
the smallest mummies, expelled with the placentae. The uterine crowding and placental 
development earlier in pregnancy impact the number of piglet deaths in later pregnancy (Le 
Cozler et al., 2002; Borges et al., 2005; Rootwelt et al., 2013). Previous studies suggested that the 
placenta reaches its maximum size at day 50-70 of pregnancy (Knight et al., 1977; Van Der 
Heyde et al., 1989, Mesa et al., 2012), but placental insufficiency can impact survival from day 
40 of pregnancy (Knight et al., 1977; Marsteller et al., 1997). In the current study 78% of the 
foetal mummification occurred after day 65, with a clear increase of the number of mummies 
following this day, but also more than 90% occurred after day 40 of the pregnancy. However, 
larger litter size and higher parity were not a greater risk for mummification than for other 
categories of death, confirming that the crowding effect of larger litter size would not only 
increase the incidence of mummies (Dewey et al., 1999; Mengeling et al., 2000; Maldonado et al., 
2005; Rootwelt et al., 2013; Basso et al., 2015).  
5.5.2.4     Non-viable, starvation, crushing 
Low correlations were found between the percentages of the different mortality categories at farm 
level. Only crushing and starvation had significant correlations with more than one other category 
of death. This observation supports the idea that starvation and crushing are part of a process 
which impairs the viability and/or the thermoregulation of the piglet and can lead to other 
categories of death before or after birth (Herpin et al., 1996; Herpin et al., 2002; Edwards, 2002; 
Alonso-Spilsbury et al., 2007). Low birthweight, associated with other factors, may expose piglets 
to a higher risk of death or impact growth (Douglas et al., 2013). In our analysis, piglets which 
suffered from starvation had a significantly smaller weight than piglets which died from other 
categories except malformation and death before farrowing. The relationship between birth 
weight and time to first suckle, and the subsequent risk of starvation, have been documented 
(Caldara et al., 2014). However, direction of causality between lack of suckling and weight could 
not be assessed in the present study. In contrast, piglets which died due to crushing had a 
significantly higher weight compared to those which died from starvation or certain other 
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categories of death. However, the bigger size of the piglet is not necessarily correlated to piglet 
metabolic development; hyperprolific breeds may have bigger piglets, but less viable ones 
(Herpin et al., 1993).  
Piglets were less likely to die with signs of crushing in older parities than in parities 1 and 2 and 
were less likely to die with signs of starvation in parities 3 to 5 than in parities 1 and 2. This is in 
agreement with another study that reported higher likelihood of crushing in younger parity sows 
(Kilbride et al., 2012). Selective culling adopted by farmers will tend to reducethe number of 
older parity sows with inappropriate maternal behaviour which could lead to crushing. 
The genetic selection for litter size generates heterogeneous litters with a greater number of small 
piglets which are more likely to suffer from successive uterine contractions and placental 
inefficiency (Knight, 1977; Alonso-Spilsbury et al., 2007; Rootwelt et al., 2013). If the piglet 
does not die during gestation or at farrowing, the simultaneous selection for lean tissue leads to 
piglets born in a less mature state; this makes them less able to maintain their body temperature, 
less viable at birth and unable to compete for food with their larger littermates (Herpin et al., 
1993; Herpin et al. 2002; Panzardi et al., 2013). In the chain reaction illustrated above, some 
environmental factors may enhance the risk for certain categories of death more than other 
categories and at different moments of the piglet’s life. Some of the less well developed piglets, 
defined as non-viable piglets with a smaller weight compared to the other categories, were less 
likely to die in summer than autumn and spring. From the six main categories of mortality, only 
the non-viable piglets showed this trend. Few studies have demonstrated the impact of high 
environmental temperature on other categories of piglet death (Odehnalova et al., 2008) (Segura-
Correa and Solorio-Rivera, 2007), but there is no evidence in the literature about the impact of the 
temperature on non-viable piglet. Nevertheless, we need to determine if this seasonal effect is real 
or acts as a proxy for other, non-recorded factors. 
5.5.3    Farm clustering 
In addition to risk factors related to particular categories of perinatal death, three mortality 
patterns were identified in the sample. The first cluster grouped farms with a higher perinatal 
mortality rate due to crushing and starvation, but also acute diseases and dehydration or enteritis. 
All these categories appear after the piglet birth, and some of these categories showed 
correlations, supporting the idea of a common process which impairs the viability, the 
thermoregulation and the susceptibility to infections of the piglets (Herpin et al., 1996; Edwards, 
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2002; Alonso-Spilsbury et al., 2007). Such farms tended to be located in those regions of France 
which make an important contribution to national pig production, and this observation raised the 
question about the impact of the level of intensification on this cluster. However, other factors, 
not recorded, may influence post-natal death due to crushing or starvation such as pen and floor 
type or maternal behavior (Cronin et al., 1996; Svendsen and Steen Svendsen, 1997; Weary et al., 
1996; Wischner et al., 2009; Melišová et al., 2011). Further analyses are necessary to identify 
common risk factors for the different categories of death of this cluster and identify the potential 
connection between risk factors and the strategy adopted by a particular pig production system. 
The second cluster grouped farms with a high rate of death during the farrowing and early sepsis. 
The mortality rate was low and the dead piglets had a higher average weight. One study 
highlighted that intra-partum stillbirths can be affected by the interaction between group gestation 
pens and the farrowing crate systems, especially in first parity sows (Cronin et al., 1993). 
Moreover, an inappropriate use of oxytocin has been suggested as a risk factor for intrapartum 
death (Mota-Rojas et al., 2007). As the prevalence of death during farrowing is particularly high 
in this group, the identification of other risk factors related to this category might help to identify 
if farrowing management practice and the farming system especially the sow housing system 
might have influenced the perinatal mortality pattern.  
The third cluster grouped farms with a small average weight of the dead piglets, due to the higher 
rate of mummified and non-viable piglets and larger average litter size. The deaths before 
farrowing seem to have the biggest influence in this cluster. The season and the number of deaths 
in the litter showed a significant impact on the mummified and non-viable piglets. The average 
litter size in this cluster was also higher, raising the question about an intra-uterine crowding 
effect (Herpin et al. 1996; Père and Etienne, 2000; Rootweltet al., 2013). Regarding the 
specificity of the hyperprolific sows, Martineau and Badouard (2009) highlighted the necessity to 
develop strategy but also tactics. More details are required to understand the strategy adopted for 
hyperprolific sows in this cluster and identify the risk factors for the prenatal death. 
5.6     Conclusion 
Through the comparison of the different categories of mortality and the classification of the farms 
according to their perinatal mortality problem, this study provides new insights into the problem 
of piglet mortality during the first 48h after farrowing. The deaths which occur before or during 
birth represent the main category of loss and should be given special attention in terms of 
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remedial strategies. Our study highlighted the importance of identifying the different categories of 
death as the result of a chain reaction which impairs the viability of the piglets. However, our 
results also showed that the influence of risk factors differs between the categories of death and 
the problem of perinatal mortality should not be considered as homogenous. Considering different 
categories of stillbirth has proved to be valuable, as different categories of stillbirth are affected 
by different risk factors. The deaths during farrowing seemed to be more influenced by the time 
of the day when the piglets were born, implicating impact of management practices during 
farrowing. The mummified and non-viable piglets represented an important part of piglet deaths, 
suggesting intra-uterine competition as a critical factor.  
The separation of the farms into different clusters indicates the necessity for a better 
understanding of the similarities and differences between these clusters in order to target their 
specific weaknesses according to farm type.  This knowledge will improve the diagnosis and 
solution of problems in terms of management or genetics.  
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Chapter 6  Impact of neonate management on different categories of piglet 
mortality in French farms 
6.1     Abstract  
To identify different piglet management strategies and assess their impact on the prevalence and 
causes of piglet mortality, 58 farms participating in a piglet necropsy study of 3487 piglets 
between 2009 and 2015 completed a retrospective questionnaire on farm characteristics and 
management practices. The major categories of mortality after birth were starvation, crushing and 
non-viable piglets, accounting for 36% of all death causes. A Multiple Correspondence Analysis 
and Ascendent Hierarchical Clustering identified three clusters of farms, corresponding to 3 
different piglet management strategies. Cluster 3 farms (88% of the farms) widely supported both 
suckling and thermoregulation, tended not to have rules for cross-fostering of bigger piglets and 
did not cross-foster smaller piglets or mainly cross-fostered them to multiparous sows. We used 
multinomial regression to assess differences in farm characteristics between clusters using Cluster 
3 as a reference: Cluster 1 was more likely to have sows with respiratory problems, vaccinate 
against circovirus and had slightly smaller piglets (P < 0.05) and Cluster 2 farms had a higher 
number of batches, fewer farrowing units built prior to 2000, spread faecal material less often in 
the quarantine area and more often employed vaginal palpation before injecting oxytocin (P < 
0.05). Using generalized linear mixed models, the proportions of piglets which died from 
starvation, crushing or low viability were only significantly higher in Cluster 1 compared to 
Cluster 3 (P < 0.05). Supporting good thermoregulation and providing piglet assistance can help 
at reducing piglet mortality post birth, but a strategy which supports better sow management, 
including vaginal palpation before resorting to an oxytocine injection and selecting sows to retain 
within the herd according to the number of piglets weaned, might be similarly effective. 
6.2     Introduction 
Crushing, starvation and piglet immaturity have been reported as the main causes of death of live 
born piglets (Edwards, 2002; Herpin et al., 2002; Pandolfi et al., 2017). Farrowing management, 
piglet management strategies, environment and genetics all influence risk of piglet death 
(Rehfeldt and Kuhn, 2006; Alonso-Spilsbury et al., 2007; Canario et al., 2007; Beaulieu et al., 
2010). Several studies have demonstrated a positive impact of attitude toward animals, 
postpartum piglet assistance to obtain colostrum or support for piglet thermoregulation on piglet 
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survival (Andersen et al., 2009; Kauppinen et al., 2012; Rosvold et al., 2017). However, most 
studies have not specifically focussed on farms where piglet perinatal mortality is an issue. The 
variables which impact piglet survival are often inter-related and difficult to isolate and interpret 
in an observational study (Pfeiffer et al., 2010, Edwards and Baxter, 2014), resulting in a limited 
control of the confounding effects (Westin et al., 2015, Rosvold et al., 2017). Studies also often  
only investigate risk factors for overall piglet mortality (Panzardi et al., 2013; Rosvold et al., 
2017), whilst in studies which investigated specific causes of death, the misclassification of dead 
piglets has been raised as a particular issue (Kilbride et al., 2012; Westin et al., 2015). 
 Therefore, by considering a large set of variables, our study aimed to describe different piglet 
management strategies in a sample of farms with perinatal mortality problems. Based on necropsy 
and standardized methodology, we assessed the impact of these strategies on piglet mortality and, 
more specifically, on the prevalence of non-viable piglets, starvation and crushing. In order to 
consider the multifactorial nature of piglet mortality, in this analysis we accounted for covariates 
related to farm characteristics and sow management, and compared the farm characteristics 
associated with the different piglet management strategies.  
6.3     Materials and Methods 
6.3.1    Data and sampling 
The study analysed data on piglet perinatal mortality collected from post mortem investigations 
carried out by CCPA-DELTAVIT, a French consulting company for animal nutrition and health, 
in combination with data derived from a phone survey conducted from November 2015 to 
January 2016. Since investigations began in 2004, 177 farms with perinatal piglet mortality issues 
have participated in the CCPA audit.  A total of 81 farms which participated in the audit between 
2009 and 2015 were requested to complete a retrospective questionnaire; 58 agreed to participate. 
The questionnaire included 31 variables related to piglet management strategies (Table 6.1) and 
additional variables regarding general farm characteristics and sow management (Table 6.2, 6.3 & 
6.4). Some of these variables have been recognized in recent literature reviews as risk factors for 
piglet mortality (Kirkden et al. 2013b; Muns et al., 2016) and were used to adjust the different 
models which assessed the impact of piglet management on piglet mortality (Table 6.3 & 6.4).  
The questionnaire was tested with a small number of French farms and was modified by 
removing or reformulating some questions. 
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On average, 20 sows were selected in each farm and all the dead piglets of these sows (born dead 
and dead in the first 48 hours) were collected for necropsy. This represented 3487 piglets in total. 
Average parity, total number of piglets born, number and weight of piglets dead were recorded. 
Each piglet was classified into one of 15 categories of death based on a decision tree (Appendix 
E.2). “Non-viable” piglets were not necropsied and were classified in this category only 
according to piglet weight.  
 
6.3.2    Data analysis 
6.3.2.1     Prevalence of different categories of death 
 Descriptive analyses were conducted to describe, at farm level, the percentage of the total piglet 
deaths represented by each specific category of mortality.  We focussed on the prevalence, at 
piglet level, of the main mortality categories post-birth (starvation, crushing, non-viable), part of 
the 6 main categories of death identified in our previous study (Pandolfi et al., 2017). 
 
6.3.2.2     Piglet management strategy 
 We hypothesized that different piglet management strategies might be associated with different 
categories of piglet mortality. Multiple correspondence analysis (MCA) and Ascendant 
Hierarchical Clustering (AHC) were used to identify different piglet management strategies based 
on the 31 variables from the questionnaire chosen to be related to piglet care (Table 6.1).  The 
methodology is described in Appendix E.1. 
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Table 6.1 Variables selected from a retrospective questionnaire to be indicators of the piglet 
management strategy in 58 French farms experiencing piglet mortality problems. 
Variables Levels Variables Levels 
Providing help to piglets 
after birth1 yes Day of iron administration day 1 
  no   > day 1 
        
Frequency of help1 never Iron administration1 injection 
  rarely   oral 
  sometimes     
  often Transfer piglets to sow  yes 
  always from another batch no 
        
Type of piglet none Teeth clipping yes 
 assistance1 assist suckling   no 
  move under heating lamp     
  
Other support for 
thermoregulation Teeth grinding yes 
  
at least 2 of the 3 
propositions    no 
  
 
    
    Piglet castration yes 
Providing help for suckling never   no 
  put on the udder     
  shift suckling Tail docking yes 
Providing dry powder or  never   no 
equivalent in the farrowing 
crate 
at the beginning of 
farrowing     
  at the end of farrowing Day of tail docking day 1 
      > day 1 
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Variables Levels Variables Levels 
Rules for piglet cross-
fostering no rules   
  
transfer mainly  bigger 
piglets Treat piglets against parasites yes 
  
transfer mainly smaller 
piglets during the first week  no 
        
Transfer of the bigger 
piglets1 (crossfostering) no transfer Treat piglets with antibiotic yes 
 
no rules during the first week no 
  
to primiparous sow 
to multiparous sow     
  
 
Treat piglets with anti-
inflammatory yes 
Transfer of the smaller no transfer during the first week1 no 
 piglets1 (crossfostering) no rules     
  to primiparous sow Start extra-feed for piglets ≤ 5 days 
  to multiparous sow   > 5 days 
        
Cross-fostering yes Type of extra feed solid 
if heterogeneous litter no   liquid 
        
Cross-fostering yes Age at weaning ≤21 days 
if large litter no   >21 days 
        
Cross-fostering: sow 
selection based on parity yes Start heating lamp 
1 day 
before 
farrowing
 
no   
> 1 day 
before 
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Variables Levels Variables Levels 
Crossfostering: sow 
selection based on maternal 
behaviour 
 
yes  
no 
Heating in creep area or 
heating pad  
yes  
no 
  
        
Period of fostering day of birth Number of lamps at birth1 1 
  day after birth    2 
  2 days after birth or more   3 
        
    Position of the  heating lamp1 posterior 
      side 
      both 
 1 variables with an absolute contribution above 700 for one of the first 3 factorial axes of the MCA.  
6.3.2.3     Farm characteristics 
 In order to assess general farm characteristics associated with each piglet management strategy, 
we assessed the association between the clusters and a set of continuous and categorical variables 
representing different farm characteristics using separate multinomial logistic regressions. The 
cluster was the dependant multinomial variable and the reference category was the Cluster 3 with 
the majority of farms. The difference between clusters was considered significant if P < 0.05. The 
independent variables were either continuous or categorical (Table 6.2). Additional variables, 
relevant for piglet survival, were also considered as independent variables in the model (Table 6.3 
& 6.4). 
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Table 6.2 Categorical variables representing different farm characteristics compared between the 
clusters of farms with different piglet management strategies. 
Continuous variables 
Number of sow batches in the farm (bach systems) Length of cleaning period in the farrowing unit 
Number of sows Length of cleaning period in the gestation unit 
Number of fattening pigs Length of cleaning period in the serving unit 
Date of construction of the farrowing unit   
Date of construction of the gestation unit   
Date of construction of the serving unit   
Categorical variables Levels Categorical variables Levels 
Region category 
 (the region of farm E:  >2 million pigs Water source  borehole 
 location was classified in  
D: 1-2 million 
pigs   mains 
5 categories according to 
C: 0.5-1 million 
pigs   well 
pig population in the region) 
B: 0.2-0.5 million 
pigs     
 
A: <0.2 million 
pigs Faecal material of the herd spread  yes 
     in the quarantine no 
Farm type 
specialized 
breeder   
  breeder-fatteners Sows or piglets of the mainstream yes 
     herd placed in the quarantine no 
Cooperative type  specialized in pigs     
  
not specialized in 
pigs Floor in farrowing unit  slatted 
      
partially 
slatted 
System for recording data none   
solid 
concrete 
  
GTT (Gestion 
Technique 
Economique) 
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Categorical variables Levels Categorical variables Levels 
Sow gestation pens  
tethers and sow 
stalls  Floor in gestation unit slatted 
  groups   
partially 
slatted 
      
solid 
concrete 
Breed selected for yes     
prolificity no Floor in serving unit  slatted 
      
partially 
slatted 
Breed selected for yes   
solid 
concrete 
 maternal capacity no     
    Frequency of lameness  never 
Breed selected for  yes  in sow sometimes 
robustness no   often 
      always 
Breed selected for  yes     
number of piglets weaned no Frequency of respiratory disorder  never 
     in sow sometimes 
Breed selected because  yes   often 
routinely used in the past no   always 
        
Breed selected for  yes Frequency of abortion  never 
quality of the fattening pigs no   sometimes 
      often 
Breed selected by  yes   always 
the cooperative no     
    Frequency of vaginal discharge never 
  
  sometimes 
 
 
 
   
Often  
always 
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Categorical variables Levels Categorical variables Levels 
Vaccination of the sows  yes Frequency of hypogalactia never 
against Mycoplasma 
pneumoniae    no   sometimes 
      Often 
Vaccination of the sows 
against yes   always 
 PRRS no     
Vaccination of the sows  yes Frequency of dystocia never 
against Actinobacillus  no   sometimes 
pleuropneumoniae                                                                often 
      always 
Vaccination of the sows               yes     
against Escherichia coli  no     
        
Vaccination of the sows  yes     
against atrophic rhinitis  no     
 
6.3.2.4     Impact of piglet management strategy 
 To assess whether the piglet management strategy used by the farm impacted on piglet mortality, 
generalized linear models were used. The cluster was the independent variable. The dependent 
variable was the total proportion of dead piglets (stillborn and postnatal) for the first model, the 
proportion of all piglets born which died of starvation for the second model, the proportion of all 
piglets born which died of crushing for the third model and the proportion of all piglets born 
which were non-viable for the fourth model. We then examined if other known risk factors might 
have explained the association between the proportion of the different categories of piglet 
perinatal mortality and piglet management strategies. The four previously described models were 
further adjusted (using generalized linear mixed models) for other covariates that are relevant, 
according to the literature, for piglet survival (Muns et al., 2016) (Table 6.3, 6.4 & 6.5). In total, 
20 models were developed; five for each category of death (total piglet deaths, starvation, 
crushing and non-viable piglets): one model not adjusted, one model adjusted for average parity 
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and average litter size, one model adjusted for average parity, average litter size and 
stockmanship (training given, sows per employee), one model adjusted for average parity, 
average litter size and biosecurity score, one model adjusted for average parity, average litter size 
and a farrowing management score. The association was considered significant if P < 0.05. As the 
model could not converge with all variables related to farrowing management or biosecurity 
included as covariates, a score for each of these elements was established for the analysis. This 
scoring system summarized all the variables under a unique score which was used as a covariate 
in the fourth and fifth models for each category of perinatal death (Table 6.4 & 6.5). The 
associations between the different covariates were assessed before the analysis using Pearson or 
Spearman correlations between continuous variables and Anova or Kruskall-Wallis tests for the 
association between continuous and categorical variables.  If two covariates were correlated one 
of them was excluded from the model. 
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Table 6.3 Variables, collected in the farm survey, which were selected for their potential 
influence on the prevalence of different categories of piglet death. 
Continuous 
variables Definition 
Litter size  average litter size for all sows sampled in the farm 
Parity average parity for all sows sampled in the farm 
Sows per employee number of sows per employee in the farm 
Farrowing unit 
entry 
average number of days before farrowing that the sows are transferred to the 
farrowing unit  
Categorical 
variables Definition Levels 
Training  frequency of the training received by employees more than once a year
once a year
less than once a year
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Table 6.4 Biosecurity scores based on variables collected in the farm survey, which were selected 
for their potential influence on the prevalence of different categories of piglet death. A score of 1 
was attributed if the practice was favourable and a score of 0 was attributed if the practice was not 
favourable. The total scores were considered as covariates in the different models which assess 
the association between piglet management and piglet mortality 
 
Biosecurity score 
Variables Levels Scores
Quarantine no 0
  yes 1
Change boots at entry rarely or never  0
  always or often 1
Cleaning hands at entry rarely or never  0
  always or often  1
Change clothes at entry rarely or never  0
  always or often  1
Vehicles go inside the farm yes 0
  no 1
Clear boundary around the farm no 0
  yes 1
Total score range 0 to 6 
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Table 6.5 farrowing scores based on variables collected in the farm survey, which were 
selected for their potential influence on the prevalence of different categories of piglet 
death. A score of 1 was attributed if the practice was favourable and a score of 0 was 
attributed if the practice was not favourable. The total scores were considered as 
covariates in the different models which assess the association between piglet 
management and piglet mortality 
Farrowing score 
Variables Levels Scores
Temperature in farrowing room >24 °C  0 
  <24 °C 1 
Vaginal palpation before injecting oxytocin no 0 
  yes 1 
Dose of oxytocin ≥ 1.5cc 0 
  ≤ 1cc 1 
Farrowing induction  <114 days of pregnancy 0 
  ≥ 114 days of pregnancy 1 
Sergotonine©  before or during the farrowing 0 
  after farrowing 1 
Monitoring farrowing never or rarely  0 
  often or always 1 
Total score range 0 to 6 
 
Microsoft Excel 2010, Microsoft Access 2010 and Rstudio (R version 3.1.0) software packages 
were used for data management and analysis. 
6.4     Results 
6.4.1    Descriptive analysis 
Table 6.6 describes the percentage of the total piglet mortality for each category of mortality at 
farm level. On average, non-viable piglets represented 20.3%, crushing 8.52% and starvation 
7.55% of piglet deaths at farm level. 
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Table 6.6 The percentage of the total piglet mortality represented by each category of piglet death 
in a sample of 58 French farms experiencing piglet mortality problems.  
  min 
1st 
quartile median 
3rd 
quartile max mean SD 
Anemia 0 0 0 2.81   8.11 1.40 1.98 
Starvation 0 3.62 6.94 11.6 19.6 7.55 5.11 
Dehydration enteritis 0 0 0 0.78 10.14 1.09 2.34 
Crushing 0 3.82 8.10 11.4 27.3 8.52 6.45 
Unknown 0 0 1.53 2.86 23.8 2.09 3.47 
Early sepsis 0 8.57 12.2 24.1 48.6 15.9 10.7 
Acute disease 0 0 2.49 5.34 20.0 3.56 3.87 
Malformation 0 0 0 1.19 5.00 0.61 1.13 
Mummification 0 4.25 8.33 12.5 40.5 9.04 7.17 
Death before farrowing 0 1.69 3.55 7.52 22.9 5.08 4.80 
Death during farrowing 2.08 15.0 19.7 29.5 65.8 23.3 13.5 
Non-viable 0 13.6 18.8 24.9 43.4 20.3 9.61 
Splayleg 0 0 0 0 8.00 0.67 1.77 
Killed by the sow 0 0 0 1.01 10.7 0.70 1.72 
Killed by the farmer 0 0 0 0 1.54 0.04 0.23 
Total piglet mortality 10.2 17.5 20.1 24.1 37.3 20.9 5.59 
 
6.4.2    Piglet management strategies  
The results of the MCA and AHC were used to identify different piglet management strategies 
(Table 6.1). After the decomposition of the inertia, 9 variables with an absolute contribution equal 
to or above 700 were included in the MCA. The three first factorial axes, after running the MCA 
with the selected variables, represented 33.0% of the total inertia with 12.8% explained by the 
first  (F1), 10.9% explained by the second (F2) and 9.31% explained by the third factorial axis 
(F3) (Appendix E.3). The absolute contribution for each individual level of the variables is 
reported in Appendix E.4. A partition into three clusters was determined as the best option 
(Figure 6.1), giving three distinguishable piglet management strategies. The farms and the 
variables related to piglet management were projected on the same graph (Appendix E.8, E.9 & 
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E.10) and coordinates of these variables (Appendix E.5) were used to interpret the piglet 
management strategy of each cluster of farms. 
 
  
 
Figure 6.1 Plots of the farms on the first, the second and the third factorial axes. Three clusters of 
farms were identified using Ascendant Hierarchical Clustering (AHC) based on the results of a 
Multiple Correspondence Analysis (MCA) of the values of nine variables related to piglet 
management. 
 
The farms of the Cluster 1 were on the negative side of F1 and on the negative side of F3, close to 
the variables: “anti-inflammatory: yes”, “number of lamps at birth: 1”, “position of the heating 
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lamp: posterior”, “position of the heating lamp: side”, “type of piglet assistance: suckling”, “type 
of piglet assistance: other”, “transfer of the smaller to primiparous”, “transfer of the bigger to 
multiparous”. We can conclude that the strategy adopted by these farms seemed to provide some 
assistance to piglets, but supplementary heating provision was limited and only 50% of the farms 
provided support for both suckling and thermoregulation. They also tended to cross-foster smaller 
piglets to primiparous sows (59%) and bigger piglets to multiparous sows (50% of the farms) or 
did not have rules of cross-fostering for bigger piglets (50% of the farms) (Table 6.7, Appendix 
E.5, E8, E.9 & E.10). 
The farms of Cluster 2 were mainly on the positive side of F1 and negative side of F3, close to the  
variables: “frequency of help: never”, “frequency of help: rarely”, “type of piglet assistance: 
none”, “Help piglet after birth: no”, “transfer of the smaller: no rules”, “transfer of the bigger: no 
transfer”, “number of lamps at birth: 3”.  We can conclude that the main characteristic of this 
cluster was the low assistance given to piglets after birth but several sources of supplementary 
heating. The small number of farms did not allow a good interpretation of the variables: “transfer 
of the smaller piglets”, “transfer of the bigger piglets” (Table 6.7, Appendix E.5, E8, E.9 & E.10). 
The farms of Cluster 3 were mainly on the positive side of F3 represented cluster 3 close to 
thevariables: “number of lamps at birth: 3”, “position of the heating lamp: both (side and 
posterior)”, “frequency of help: often”, “frequency of help: always”, “type of piglet assistance: at 
least 2 of the 3 propositions”, “type of piglet assistance: move under heating lamp”, “transfer of 
the bigger: primiparous”, “transfer of the bigger: no transfer”, transfer of the bigger: no rules”, 
transfer of the smaller: multiparous”, “transfer of the smaller: no transfer”. The farms of this 
cluster seemed to provide regular help to the piglets, 88% of the farms of this cluster provided 
help for both suckling and thermoregulation and provided several sources of supplementary 
heating.  A higher percentage of farms transferred smaller piglets to multiparous (47%) and 
transferred bigger piglets without specific rules (53%) (Table 6.7, Appendix E.5, E8, E.9 & E.10). 
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Table 6.7 Mean and standard deviation for the different categories of piglet mortality for each 
farm cluster and frequency of each sublevel of the variables related to the piglet management 
strategies for the 3 different clusters identified with an MCA and AHC analysis. (The higher 
number of farms for each parameters is marked in bold for the categorical variables) 
Variables Cluster 1(n=35) Cluster 2(n=7) Cluster 3 (n=17) 
Total piglet mortality (%) 21.8 (±5.51) 21.9 (±6.07) 19.4 (±5.42) 
Starvation (% of total born) 2.23 (±1.27) 1.47 (±1.23) 1.01 (±0.86) 
Starvation (% of total piglet deaths) 9.96 (±4.81) 6.73 (±5.53) 5.28 (±4.20) 
Crushing (% of total born) 2.27 (±1.35) 1.67 (±1.29) 1.43 (±1.47) 
Crushing (% of total piglet deaths) 10.9 (±7.21) 7.44 (±5.56) 6.42 (±5.19) 
Non-viable piglets (% of total born) 5.16 (±3.14) 4.40 (±3.50) 3.84 (±2.46) 
Non-viable piglets (% of total piglet 
deaths) 21.9 (±8.52) 18.9 (±11.94) 19.2 (±9.84) 
Variables Levels 
Number 
of farms % 
Number 
of 
farms % 
Number of 
farms % 
Help piglet  yes 31 91.2 1 14.3 17 100 
after birth  no 1 2.94 6 85.7 0 0 
  missing 2 5.88 0 0 0 0 
Frequency of help never 0 0 2 28.6 0 0 
  rarely 0 0 1 14.3 0 0 
  sometimes 21 61.8 3 42.9 4 23.5 
  often 12 35.3 1 14.3 8 47.1 
  always 0 0 0 0 5 29.4 
  missing 1 2.94 0 0 0 0 
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Variables Levels 
Number 
of farms % 
Number 
of 
farms % 
Number of 
farms % 
Type of piglet none 0 0 5 71.4 0 0 
 assistance suckling 8 23.5 1 14.3 0 0 
  
move under 
heating lamp 7 20.6 1 14.3 2 11.8 
  other 1 2.94 0 0 0 0 
  
at least 2 of the 3 
propositions*   17 50.0 0 0 15 88.2 
  missing 1 2.94 0 0 0 0 
Cross-fostering of  no transfer 0 0 0 0 3 17.6 
 the smaller piglets no rules 4 11.8 1 14.3 0 0 
  to primiparous 20 58.8 3 42.9 6 35.3 
  to multiparous 9 26.5 3 42.9 8 47.1 
 missing 1 2.94 0 0 0 0 
Cross-fostering of  no transfer 0 0 1 14.3 1 5.88 
 the bigger piglets no rules 15 44.1 1 14.3 9 52.9 
  to primiparous 0 0 1 14.3 3 17.6 
  to multiparous 15 44.1 3 42.9 4 23.5 
  missing 0 0 1 14.3 0 0 
Anti- yes 3 8.82 0 0 0 0 
 inflammatory no 31 91.2 7 100 17 100 
  missing 0 0 0 0 0 0 
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Variables Levels 
Number 
of 
farms  % 
Number 
of 
farms  % 
Number 
of 
farms    % 
Iron  injection 28 82.4 6 85.7 15 88.2 
 administration oral 5 14.7 1 14.3 2 11.8 
  missing 1 2.94 0 0 0 0 
Number of lamps  1 18 52.9 1 14.3 1 5.88 
 at birth 2 13 38.2 5 71.4 13 76.5 
  3 1 2.94 1 14.3 2 11.8 
  missing 2 5.88 0 0 1 5.88 
Position of the   posterior 19 55.9 4 57.1 1 5.88 
 heating lamp side 10 29.4 1 14.3 3 17.6 
  both 3 8.82 2 28.6 12 70.6 
  missing 2 5.88 0 0 1 5.88 
6.4.3    Farm characteristics associated with piglet management strategies 
Table 6.8 presents the farm characteristics significantly associated to a specific piglet 
management strategy cluster. The farms from Cluster 1 were more likely to have a respiratory 
problem amongst their sows, vaccinated more often against circovirus and had slightly smaller 
piglets than farms from cluster 3 (P < 0.05). The farms from Cluster 2 had a higher number of 
batches, fewer farrowing units built before 2000, less often spread faecal material in the 
quarantine, more often employed vaginal palpation before injecting oxytocin and were more 
likely to select a breed based on the number of piglets weaned (P < 0.05). 
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Table 6.8 Odds ratios, confidence interval and P values for the multinomial models used to assess 
the differences in farm management and characteristics for different farm clusters based on their 
piglet management strategies. 
  Cluster 3 Cluster 1 Cluster 2 
 Number of batches   
Odds ratios baseline 1.01 1.12 
CI 95%   0.92-1.12 1.00-1.25 
P value   0.738 0.046a 
Mean number of batches 8.39 8.96 13.6 
Year of construction of the farrowing unit: <2000  (ref: >=2000) 
Odds ratios baseline 0.78 0.11 
CI 95%   0.23-2.60 0.02-0.65 
P value   0.683 0.015a 
number of farms with farrowing 
unit built before 2000 16(70%) 16(64%)  2(20%) 
Breed selected for number of piglet weaned: yes  (ref= no) 
Odds ratios baseline 3.32 7.00 
CI 95%   0.60-18.5 1.02-47.97 
P value   0.171 0.048a 
number of farms where breed 
selected for number of piglet 
weaned 2(9%) 6(24%) 4(40%) 
Average weight of the dead piglets 
Odds ratios baseline 0.99 1.00 
CI 95%   0.99-0.99 1.00-1.00 
P value  <0.01 a <0.01 a 
Average  weight of the dead 
piglets (g)  1057 1042 1094 
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6.4.4    Impact of the different management strategies on piglet mortality 
No associations were found between the different covariates considered for this analysis. The 
description of each covariate and variables used to create the scores is reported in Appendix E.6 
& E.7. Total piglet mortality from all causes was significantly higher in Cluster 1 compared to 
  Cluster 3 Cluster 1 Cluster 2 
Vaginal palpation before injecting oxytocin: often (ref=never or sometimes) 
Odds ratios baseline 3.53 12.50 
CI 95%   0.63-19.83 1.76-88.73 
P value   0.152 0.012 a 
Number of farms which are often 
practicing vaginal palpation 
before injecting oxytocin  2(9%) 6(24%) 5(50%) 
Faecal material of the herd spread in the quarantine: yes  (ref= no) 
Odds ratios baseline 0.45 0.15 
CI 95%   0.10-2.07 0.03-0.85 
P value   0.305 0.032 a 
number of farms which spread 
faecal material in the quarantine 20(87%) 18(72%) 5(50%) 
Respiratory disorders : Yes (ref=no or rarely) 
Odds ratios baseline 5.64 0.74 
CI 95%   1.32-24.17 0.07-8.13 
P value   0.020 a 0.806 
number of farms with  respiratory 
issues  3(13%) 11(44%) 1(10%) 
Vaccine against circovirus: yes (ref=no) 
Odds ratios baseline 4.82 1.86 
CI 95%  1.46-16.40 0.42-8.47 
P value  0.012 a 0.414 
Number of farms which 
vaccinate the sows against 
circovirus 8(35%) 18(72%) 5(50%) 
a significantly different than Cluster 3 (P < 0.05). No letter: cluster does not differ from Cluster 3 
(P > 0.05)  
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cluster 3 (P < 0.05) but the difference between clusters was no longer significant when covariates 
were added, despite a tendency to remain different between Clusters 1 and 3 (0.1> P > 0.05), 
suggesting that differences in total piglet mortality are also associated with risk factors other than 
piglet management (Table 6.9). 
Table 6.9 Comparison of the impact of piglet management strategies adopted by different farm 
clusters on total piglet mortality. The ratios were generated by different generalized linear mixed 
models with the total proportion of dead piglets as the dependent variable and the cluster partition 
as the independent variable. The odds ratios for Clusters 1 and 2 use Cluster 3 as the baseline. 
    
Odds 
 ratios CI 95% P values 
Model 1a Cluster 3 baseline    
  Cluster 1 1.13 1.04 1.26 <0.01f 
  Cluster 2 1.12 1.00 1.24 0.05 
Model 2b Cluster 3 baseline    
  Cluster 1 1.20 0.99 1.45 0.06 
  Cluster 2 1.07 0.84 1.37 0.57 
Model 3c Cluster 3 baseline    
  Cluster 1 1.19 0.97 1.46 0.08 
  Cluster 2 1.04 0.80 1.36 0.75 
Model 4d Cluster 3 baseline    
  Cluster 1 1.20 0.99 1.45 0.06 
  Cluster 2 1.04 0.82 1.32 0.75 
Model 5e Cluster 3 baseline    
  Cluster 1 1.20 0.98 1.46 0.08 
  Cluster 2 1.07 0.82 1.38 0.62 
 
a model not adjusted 
b model adjusted for parity and litter size 
c model adjusted for parity, litter size and stockmanship. 
d model adjusted for parity, litter size and biosecurity score 
e model adjusted for parity, litter size and farrowing management score 
f Significantly different from Cluster 3 (P < 0.05). No letter if no significant difference from Cluster 3 
(P > 0.05) 
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The proportion of piglets dying from starvation amongst the number of piglets born was 
significantly higher in Cluster 1 compared to Cluster 3, even after considering the adjustment for 
average parity, average litter size, stockmanship, biosecurity score and farrowing management 
score (P < 0.05). The percentage of piglets dying from starvation was significantly higher in 
Cluster 2 compared to Cluster 3 only after considering the adjustment for litter size, parity and 
biosecurity score (P < 0.05) (Table 6.10). 
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Table 6.10 Comparison of the impact of piglet management strategies adopted by different farm 
clusters on the percentage of piglets dying from starvation. The ratios were generated by different 
generalized linear mixed models with the proportion of all piglets born which died of starvation 
as dependent variable and the cluster partition as independent variable. The odds ratios for 
Clusters 1 and 2 use Cluster 3 as the baseline. 
 
    
Odds 
 ratios CI 95% P values 
Model 1a Cluster 3 baseline       
  Cluster 1 2.11 1.60 2.81 <0.01 f 
  Cluster 2 1.38 0.93 2.03 0.106 
Model 2b Cluster 3 baseline       
  Cluster 1 2.18 1.45 3.28 <0.01 f 
  Cluster 2 1.47 0.86 2.54 0.161 
Model 3c Cluster 3 baseline       
  Cluster 1 2.25 1.49 3.41 <0.01 f 
  Cluster 2 1.41 0.80 2.47 0.233 
Model 4d Cluster 3 baseline       
  Cluster 1 2.36 1.59 3.49 <0.01 f 
  Cluster 2 1.73 1.01 2.97 0.046 f 
Model 5e Cluster 3 baseline       
  Cluster 1 2.29 1.49 3.53 <0.01 f 
  Cluster 2 1.26 0.71 2.26 0.429 
 
a model not adjusted 
b model adjusted for parity and litter size 
c model adjusted for parity, litter size and stockmanship. 
d model adjusted for parity, litter size and biosecurity score 
e model adjusted for parity, litter size and farrowing management score 
f Significantly different from Cluster 3 (P < 0.05). No letter if no significant difference from Cluster 3 
(P > 0.05) 
The proportion of piglets dying from crushing amongst the number of piglet born was 
significantly higher in Cluster 1 compared to Cluster 3, even after considering the adjustment for 
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average parity, average litter size, stockmanship, biosecurity score and farrowing management 
score (P < 0.05) (Table 6.11). 
Table 6.11 Comparison of the impact of piglet management strategies adopted by different farm 
clusters on the percentage of piglets dying from crushing. The ratios were generated by different 
generalized linear mixed models with the proportion of all piglets born which died of crushing as 
dependent variable and the cluster partition as independent variable. The odds ratios for Clusters 
1 and 2 use Cluster 3 as the baseline. 
    
Odds 
 ratios CI 95% P values 
Model 1a Cluster 3 baseline       
  Cluster 1 1.54 1.21 1.98 < 0.01 f 
  Cluster 2 1.11 0.78 1.57 0.542 
Model 2b Cluster 3 baseline       
  Cluster 1 1.75 1.10 2.78 0.018 f 
  Cluster 2 1.23 0.66 2.29 0.515 
Model 3c Cluster 3 baseline       
  Cluster 1 1.86 1.18 2.91 < 0.01 f 
  Cluster 2 1.13 0.62 2.06 0.688 
Model 4d Cluster 3 baseline       
  Cluster 1 1.81 1.12 2.95 0.016 f 
  Cluster 2 1.36 0.70 2.64 0.366 
Model 5e Cluster 3 baseline     
  Cluster 1 1.80 1.13 2.86 0.013 f 
  Cluster 2 1.16 0.64 2.11 0.621 
 
a model not adjusted 
b model adjusted for parity and litter size 
c model adjusted for parity, litter size and stockmanship. 
d model adjusted for parity, litter size and biosecurity score 
e model adjusted for parity, litter size and farrowing management score 
f Significantly different from Cluster 3 (P < 0.05). No letter if no significant difference from Cluster 3 
(P > 0.05) 
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The proportion of dead piglets classed as non-viable amongst the number of piglets born was also 
significantly higher in Cluster 1 compared to Cluster 3 when adjusting for all different covariates 
additional to average parity and average litter size (P < 0.05) (Table 6.12). 
Table 6.12 Comparison of the impact of piglet management strategies adopted by different farm 
clusters on the percentage of piglets classed as non-viable piglets. The ratios were generated by 
different generalized linear mixed models with the proportion of all piglets born which were non-
viable as dependent variable and the cluster partition as independent variable. The odds ratios for 
Clusters 1 and 2 use Cluster 3 as the baseline. 
 
    
Odds 
 ratios CI 95% P values 
Model 1a Cluster 3 baseline       
  Cluster 1 1.30 1.11 1.53 <0.01 f 
  Cluster 2 1.15 0.92 1.43 0.218 
Model 2b Cluster 3 baseline       
  Cluster 1 1.41 0.98 2.03 0.061 
  Cluster 2 1.00 0.61 1.64 0.996 
Model 3c Cluster 3 baseline       
  Cluster 1 1.45 1.02 2.06 0.038 f 
  Cluster 2 0.83 0.50 1.38 0.473 
Model 4d Cluster 3 baseline       
  Cluster 1 1.45 1.00 2.11 0.048 f 
  Cluster 2 0.91 0.55 1.51 0.724 
Model 5e Cluster 3 baseline       
  Cluster 1 1.48 1.01 2.17 0.045 f 
  Cluster 2 1.07 0.64 1.80 0.791 
a model not adjusted 
b model adjusted for parity and litter size 
c model adjusted for parity, litter size and stockmanship. 
d model adjusted for parity, litter size and biosecurity score 
e model adjusted for parity, litter size and farrowing management score 
f Significantly different from Cluster 3 (P < 0.05). No letter if no significant difference from Cluster 3 
(P > 0.05) 
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6.5      Discussion 
Piglet perinatal mortality is a complex problem with a multifactorial nature encountered in many 
pig farms (Kirkden et al., 2013b). The majority of deaths occur in the first few days after birth 
from a range of causes (Panzardi et al., 2013). Crushing, starvation and piglet immaturity are the 
main causes of death of live born piglets (Herpin et al., 1996; Herpin et al., 2002), with these 
causes being more prevalent for some farm types than others (Pandolfi et al., 2017c). Several 
studies have shown that mortality of piglets born alive can be reduced if good management 
routines are adopted (Andersen et al., 2007; Rosvold et al., 2017). The aims of this study were to: 
1)  identify different piglet management strategies used by farms which experience perinatal 
mortality problems, 2) identify the characteristics of farms associated with each piglet 
management strategy and 3) assess the  impact of these strategies on different categories of piglet 
death: total mortality, starvation, crushing and non-viable piglets. We identified three clusters of 
farms with different piglet management strategies. The differences between clusters appeared to 
be related to a number of different aspects of management, discussed below.  
6.5.1    Provision of supplementary heating 
Farms in Clusters 2 & 3 preferentially used two heating lamps or more, providing a good 
microclimate for the neonatal piglets (Muirhead and Alexander, 1997; Kirkden et al., 2013b, 
Edwards and Baxter, 2014). Piglets usually prefer to lie close to the sow udder during the first 
two days after birth (Berg et al., 2006), attracted by thermal and olfactory cues (Rohde Parfet and 
Gonyou, 1991). This highlights the importance of providing an environment which allows good 
thermoregulation and teat accessibility to reduce the mortality of the weakest piglets and respect 
natural piglet and sow behaviour. While no significant differences were identified between 
Clusters 2 & 3, in Cluster 3 the levels of total mortality, starvation, crushing and non-viable piglet 
were reduced compared to Cluster 1. In Cluster 1 only one heating lamp was generally used and 
placed posterior to the sow.  
6.5.2    Provision of assistance to neonatal piglets 
Cluster 3 adopted a strategy which provided more frequent and diverse help to the piglets; 
supporting both suckling and thermoregulation. This might suggest better stockmanship in this 
cluster of farms. A previous study showed that drying the piglets and placing them at the udder 
reduced the time between birth and the first suckle and facilitated achievement of <10 % 
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mortality in loose housing (Vasdal et al., 2011). While farms in both Cluster 1 & 3 helped piglets 
after birth, the farms of Cluster 1 helped mainly for the suckling or thermoregulation, but not 
systematically both at the same time. The proportion of piglets dying from starvation, crushing 
and non-viable piglets was significantly smaller in Cluster 3 compared to 1, suggesting that only 
encouraging piglet suckling or supporting thermoregulation might not be sufficient to improve 
piglet survival. Indeed, Muns et al. (2015) showed the lack of success of split suckling, while 
Vasdal et al. (2011) showed that the interval between birth and first suckle was reduced when 
piglets were dried and placed close to the udder, but the level of mortality was higher when they 
were just placed close to the udder. The increase in prevalence of crushing, starvation and non-
viable piglets in Cluster 1 compared to 3 was unaffected by the different covariates; suggesting 
the importance of piglet management for piglets born alive (Muns et al., 2016; Rosvold et al., 
2017). Farms from Cluster 2 tended to provide little help to the piglets and the proportion of 
piglets dying from starvation was only higher in Cluster 2 compared to Cluster 3 when adjusting 
for parity, litter size and biosecurity. This suggests that the importance of piglet assistance might 
be conditional to other parameters, such as the environment or sow management. Although the 
level of total mortality was not significantly different between clusters, that is perhaps not 
surprising given how the farms were selected, namely all farms selected had perinatal mortality 
issues. Equally, it is not surprising that other parameters related to the sows and the environment 
can have a bigger influence on the total piglet deaths including stillbirth, than management 
strategies employed for the newborn piglets (Weber et al., 2009; Kirkden et al., 2013b; Westin et 
al., 2015).  
6.5.3    Piglet size and cross-fostering 
The farms in Cluster 3 tended to show more flexibility when cross-fostering bigger piglets, did 
not cross-foster smaller piglets or mostly transfered them to multiparous sows. The absence of 
fixed rules for cross-forstering gives the opportunity to consider several parameters related to the 
sow, the piglet and the environment to guarantee the sucess of the practice and might explain 
better piglet survival in this cluster. Kikden et al. (2013b) recommend a litter-by-litter decision 
making, involving stockperson expertise, as pre-defined rules might not be sufficient. Another 
study also showed the impact of farmer management routines around farrowing on piglet survival 
(Rosvold et al., 2017). However, this also suggests the necessity for a good level of expertise, 
good training of the farm staff and suitable working conditions, such as a low-stress environment 
that encourages low-stress interactions with animal and to make the appropriate choices during 
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cross-fostering (Coleman et al., 1998; Coleman et al., 2000; Coleman and Hemsworth, 2014). In 
Cluster 1, the dead piglets tended to be slightly smaller, which might reflect a lower birthweight 
or an earlier age of death, and the rules for cross-fostering seemed to prioritize the transfer of 
smaller piglets to primiparous sows. Many studies have reported that low birth weight impairs 
piglet survival (Herpin et al., 1996; Panzardi et al., 2013); the social environment will 
disadvantage low birth weight piglets and competition will increase their risk of starvation 
(Edwards and Baxter, 2014). Moreover, one study showed lower performance for piglets with 
low birth weight and transfer to primiparous sows during crossfostering (Ferrari et al., 2014). 
6.5.4    Farrowing accommodation and sow management 
The farrowing units, on average, were more recently constructed in Cluster 2, and more modern 
equipment in a new housing system might improve sow health and piglet survival (Gu et al., 
2010; Muns et al., 2016). The confounding effect of sow management or stockperson skills in 
recently constructed buildings need to be assessed in further studies. The farms from Cluster 2 
tended also to select their sow breed based on the number of piglets weaned, putting some genetic 
emphasis on reducing mortality. This might result in lower piglet mortality, as Knecht et al. 
(2015) and Quesnel et al. (2008) showed that a higher number of piglets born alive and piglets 
weaned could be achieved with specific breeds or genetic lines. Moreover, regular vaginal 
palpation before injecting oxytocin practiced by these farmers might illustrate more careful 
management during farrowing. This suggests the importance of such precautions when oxytocin 
is routinely used during farrowing management and, therefore, the importance of stockmanship. 
While Vanderhaeghe et al. (2010) suggested an increased risk of stillbirth following vaginal 
palpation but not with the use of oxytocin, Kirkden et al. (2013b) highlighted the lack of 
discrimination between routine administration and the use of oxytocin to treat dystocia. 
Moreover, other studies have shown that administering the wrong dose of oxytocin at the wrong 
time could have a negative impact on piglet survival (Mota-Rojas et al., 2002; Mota-Rojas et al., 
2006). Therefore, practicing manual assistance when indicated might improve piglet survival and 
avoid misuse of oxytocin. Despite the lack of piglet assistance, the farms in Cluster 2 might 
therefore have improved piglet survival due to better infrastructure and sow management.  
6.5.5     Health status of the farm 
Cluster 1 farms reported greater respiratory problems in sows and a higher frequency of 
vaccination against circovirus (PCV2) for the sows compared to Cluster 3. PCV2, in combination 
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with other agents such as Porcine Reproductive and Respiratory syndrome (PRRS), swine 
influenza virus or Mycoplasma hyopneumoniae, can be responsible for respiratory symptoms 
(Afghah et al., 2016). Moreover, PRRS involves both respiratory and problems of fertility in the 
sow and weaker piglets at birth (Christianson et al., 1993), while PCV2 vaccination has been 
considered particularly relevant in herds positive for PRRS (da Silva et al., 2014). More data are 
needed to better explore the impact of the prevalence of specific sow disease status of the farm on 
the prevalence of piglet deaths. 
The higher level of starvation in Cluster 2 compared to Cluster 3 after considering the average 
parity, average litter size and biosecurity score may suggest that piglet handling could be an 
important parameter for certain parities, hyperprolific sows and farms with a low level of 
biosecurity (Westin et al., 2015; Muns et al., 2016). The higher average number of batches in the 
farm (batch system) found in Cluster 2 might suggest higher likelihood of low biosecurity in this 
cluster.  Systems with 20-21 batches generally allow more flexibility in management, but may 
show some weaknesses regarding sanitary measures (Allouchery, 2010). Finally, these farms 
tended to less often spread faecal material in the quarantine. Acclimatizing the gilts to herd 
pathogens by introducing cull sows or manure during the latter part of the quarantine period has 
been recognized as a good practice to build immunity (Kraeling and Webel, 2015), but the 
positive or negative impact of quarantine management on sow health and piglet survival would 
also need to be investigated in future studies.  
6.5.6    Limitations and bias in the study 
The farms in this study were not randomly sampled and were self-defined as having perinatal 
mortality problems. Therefore, the results of this analysis should be only extended with care to 
the whole population of French pig farms due to the limitations of the sampling strategy. Further 
analyses are required to identify whether similar piglet management strategies can be identified in 
a random sample of farms and to assess the impact of these strategies on piglet mortality. While 
the data on mortality are based on a multistage sampling, where sows and piglets were sampled 
randomly and dead piglets were classified into different categories based on standardised 
necropsy (Pandolfi et al., 2017c), the phone interview might have been subject to information bias 
which we could not verify by a proper farm visit. However, the methodology used allowed a 
better control of the cofounding effects. The extensive background of information collected 
during the study allowed the models to be adjusted for several variables known as risk factors for 
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piglet mortality and also to describe the farm characteristics associated with the different piglet 
management strategies. Despite the simplification of using a scoring system for farrowing 
management and biosecurity, this was useful to control for potential confounding effects. 
6.6     Conclusion 
Supporting good thermoregulation and providing piglet assistance can be an easy way to reduce 
perinatal piglet mortality after birth, by increasing the level of help provided to the underweight 
and immature piglets and at the same time improving colostrum intake and thermoregulation. 
However, the absence of differences in the prevalence of total piglet mortality after adjusting for 
several important other risk factors highlights the importance of other variables related to the 
environment and sow health and management to reduce piglet mortality as a whole, which 
includes a significant proportion of pigs already dead at birth. Moreover, a strategy which 
supports better sow management and an appropriate farrowing environment might be as effective 
as providing piglet assistance to weaker piglets if the sanitary status of the herd is not 
compromised. Improvement of piglet care should be targetted in farms where starvation, crushing 
and non-viable underweight piglets have been identified as important causes of piglet death. 
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Chapter 7 : General discussion 
 
The different studies included in this thesis have illustrated the possibility of conducting 
secondary data analysis on industry databases holding information in order to address the problem 
of production diseases. The studies have highlighted the need to value the data collected by the 
pig industry in order to achieve better resource efficiency in scientific research, which in turn can 
produce outputs to improve the sustainability of pig farming. Combining data collected by the pig 
industry with additional on-farm data, such as that collected with the Biocheck-UGhentTM or from 
retrospective surveys designed for the purpose of specific research questions, appeared to be a 
valuable methodology to improve the value of industry databases, but also to advance the 
knowledge regarding health and welfare issues related to pig farm intensification. This also 
provides opportunities to conduct analyses within a restricted amount of time and at reasonable 
cost. The different studies conducted in this thesis have led to the identification of risk factors 
related to health and welfare issues and have enabled estimation of the prevalence of welfare 
outcomes in commercial pig farms and the relative proportion of the different categories of piglet 
perinatal mortality in farms with piglet mortality issues. Furthermore, the studies illustrate an 
approach to study production diseases in a more integrated manner and to identify possible 
solutions to reduce the impact of such diseases. However, several limitations regarding secondary 
data analysis have been identified, revealing the challenge of collecting and combining data from 
different sources for the purposes of scientific research. 
7.1    The challenge of conducting secondary data analysis 
7.1.1    Secondary data analysis: New opportunities and compromises 
Electronic data archives and improvements in technology have made various types of data 
collected on farm, by veterinary consultancies or quality assurance schemes, easily accessible for 
research purposes (Boslaugh, 2007; Johnston, 2014; Vanderwaal et al., 2017). The first challenge 
for conducting secondary data analyses was the identification of data sources containing the data 
of interest. This is especially challenging as data are usually collected by many different 
governmental and private organizations, and for different purposes. This thesis offers the 
opportunity to describe and comment on a strategy used to locate and analyse secondary data 
collected by the pig industry. 
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 The studies were designed according to the data we expected to find in various industry 
databases holding information and were then further adapted according to the data actually 
available and the quality of these data. Multiple-source secondary data usually require 
combination of data from the same population or with specific connections in space and time 
(Saunders et al., 2009). As suggested by Boslaugh (2007), secondary data analysis is “achieving a 
fit between your research question and the data you choose to analyse”. Secondary data are 
collected neither for the purpose of research nor regarding a specific study design (Boslaugh, 
2007; Tripathy, 2013). Therefore, it is not surprising that several different data sources needed to 
be located to assemble the data required to conduct our analyses and answer our research 
questions. 
7.1.2    Locating data for secondary data analysis 
To conduct secondary data analysis, researchers need to establish whether the expected data are 
available and to locate the data sources (Saunders et al., 2009). The data can be located through 
scientific publications, public reports and various online information (Boslaugh, 2007).  After 
defining a way to assess production disease in pig farms through several indicators of health, 
welfare and performance, the second challenge was to locate the data of interest in different 
databases held by the pig industry. The data were used to address several research questions 
previously defined: How do different indicators of production diseases relate to each other? Is 
there a pattern that can be defined regarding production diseases, welfare and performance? What 
are the main categories of piglet mortality and can we find different mortality patterns in different 
farms? Can we identify risk factors related to the increase of prevalence of some of these 
indicators (i.e. welfare indicators and categories of perinatal piglet death)?  
Our studies demonstrate that these research questions could be answered by combining existing 
data sources. Moreover, instead of greatly modifying the research questions originally defined, 
the combination of existing data with supplementary data collected from additional surveys and 
on-farm data collection appeared to be a possible way to enhance the value of existing data. The 
data of the pig industry of the UK are of interest, as several studies have proved the value of the 
BPHS abattoir-related data to identify pig pathologies (Sanchez-Vasquez et al., 2012, Brewster et 
al., 2017); most of these pathologies can be considered as outcomes of production diseases. 
Moreover, the uniqueness of the Real Welfare database represented a good opportunity to 
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conduct analysis on animal welfare outcomes (as indicators of production diseases) on a large 
scale database representative of the pig farms in the UK.   
As none of the industry databases holding data about pig performance could claim to have 
national representativeness, the performance data had to be individually collected in each pig 
farm and this probably represents the weaker part of the research. Discrepancies might occur 
between farms due to feeding strategy, the weight range over which feed conversion is measured 
and the manner in which the necessary information is collected and used to assess feed efficiency 
(Patience et al., 2015). This represents one of the main biases when comparing results between 
farms, suggesting that a better standardization in performance data recording would lead to more 
accurate analysis and better estimation of the national performance of the pig industry. As 
suggested by Rocadembosch et al. (2016), reliable performance indicators will help to quantify 
the impact of swine disease and its associated cost.  
Different challenges appear when using multi-source data. Apart from locating the variables 
targeted in different databases, the selected databases should make it possible to apply an 
appropriate sampling methodology. 
7.1.3    Sampling methodology  
The first step was to assess the possibility to access the full database of pig farms in Great Britain 
with the objective of selecting a sample of pig farms representative of the national population of 
commercial pig farms. Although we had access to the full database of pig farms in Great Britain 
and were able to select a sample representative of commercial pig farms, conducting further 
analyses on this representative sample appeared to be very challenging. The willingness of 
farmers to participate in gathering the required data was one of the main selection biases that 
drastically reduced our initial sample size and impaired its representativeness. In general, farmers 
are regularly approached to reply to different questionnaires. This activity is time consuming and 
the farmers might not perceive the benefit of spending time on this request, especially if they do 
not receive some advice or information in return. Despite the access to pig population census 
data, farmers will always be free to decide not to answer supplementary requests, making it 
impossible to achieve sample representativeness and potentially creating distortion in means, 
variance and multivariate coefficients (Gobo, 2004). Therefore, rather than random sampling, 
alternative methodologies should be considered in order to assess the representativeness of the 
sample population. This could be achieved by collecting key farm characteristics and comparing 
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these characteristics between the sample set and the population of interest. Geographical location 
and the number of fattening and breeding pigs are characteristics than can be easily identified, 
both in the national database and for the selected sample of pig farms. Without the possibility of 
randomly selecting pig farms in cross sectional studies, using statistical analysis to compare such 
characteristics between the sample and the population of interest could therefore be an alternative 
method to better describe the sample selected. Considering the limitations for selecting a 
representative sample in its classical sense, we chose to demonstrate similarity between the farm 
sample and the pig farms in the whole population.  
The question of the representativeness and generalizability of a sample has been discussed in 
previous publications. It has been widely suggested that only polls and surveys use representative 
samples (Gobo, 2004). The representativeness will also depend on the research design and the 
sampling methodology used to produce unbiased estimates (Turner, 2003). A series of biases 
affect the representativeness of the sample, usually classified as information bias, selection bias 
and confoundings (Schlomer et al., 2013; Materia et al., 2015; Kravanen et al., 2016). Moreover, 
Gobo (2004) highlighted the limitation in the concept of representativeness in multivariable 
analyses, as the representativeness of a sample based on one variable does not guarantee the 
representativeness of this sample for other variables. Considering the complexity to achieve a 
random sampling and the difficulty to avoid biases, judgemental and non-probability samples are 
still widely used (Turner, 2003) and alternative methodologies, such as theoretical sampling used 
in “grounded theory study”,  sometimes replace probability samples (Gobo, 2004; Sbanari et al., 
2011). Grounded theory studies move from the particular to the general in order to develop 
hypotheses and the results are expressed as substantive theory (Sbanari et al., 2011). Theoretical 
sampling methodology tries to achieve a certain representativeness of the population without 
following statistical logic. These examples, and the difficulty to operate a probability sampling, 
should encourage the development of scientifically grounded sampling methodologies, adapted to 
the field of agriculture, which circumvent the current problem of population representativeness. 
Moreover, the lack of population representativeness often represents a barrier to publish in high 
impact journals. However, instead of opposing the studies that do not achieve representativeness 
with the ones that pretend to achieve it, the peer review process should encourage the researcher 
to critically assess the representativeness of the sample used in their study, without the fear of 
seeing their manuscript then criticized or even rejected on the basis of this criterion. This could be 
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achieved by a review process which does not particularly focus on population representativeness 
as the main criterion to assess the quality of a research methodology.  
Despite using a sample not representative of the whole population of French pig farms in the 
study conducted about piglet mortality, the identification of the three groups of farms based on 
different mortality patterns, could represent the first step of a grounded theory study which then 
needs to be completed by further studies that challenge this primary classification. Collecting 
other samples, raising new questions and identifying gaps in the knowledge will allow, over a 
cumulative process, strengthening of the theory that emerges from this primary study (Sbanari et 
al., 2011). This may open new perspectives for future studies by identifying the gaps present in 
the previous ones.  The value of the output can be retrospectively assessed by comparing the 
results with further studies that could address the same research questions with larger datasets or 
by reproducing the methodology in different contexts (Schlomer et al., 2013).  
This illustrates how the methodology of analysis might be much more important than achieving 
sample representativeness for the emergence of new hypotheses. In the same way, the inter-
connection identified between health, welfare, performance and biosecurity in the sample of 
commercial pig farms emphasized the possible development of theory and hypotheses based on a 
restricted number of farms but using a standardized methodology. Breaking down the data 
collected to classify farms into groups also facilitates the comparison and, similarly, this 
classification can be challenged in future studies based on different samples, larger datasets or 
conducted in different contexts. Therefore, these observations suggest that original methodology 
used on a restricted sample and the conduct of additional studies in the future, which address the 
weaknesses identified in the primary study to validate the observations, might equally advance 
scientific knowledge and its potential practical application.  
7.1.4    Connecting different datasets  
The data available in a single database might not enable a research question to be answered. 
Connecting different databases might be a necessary alternative in order to gather the required 
information and conduct the appropriate analyses. Therefore, any difficulty in connecting these 
data sources can be very limiting. Vanderwaal et al. (2017) highlighted the difficulty of 
aggregating data from different sources that can be organised in different temporal and spatial 
scales, with discrepancies in the data structure and vocabulary. For the data collected about pig 
farms, this generally means that individual pigs or individual farms should be recognizable in all 
 150 
 
databases by a similar system of identification. This difficulty can eventually be circumvented by 
accounting for several characteristics present in all databases which enable the appropriate match, 
but this increases the complexity of the process. While we based our sample on the CPH number 
that recognizes individual farms, some data identified only the batch number (several batch 
numbers are recorded for individual farms and represent the successive herds that belong to this 
farm over the different production cycles). In this case the recognition of the pig holdings can be 
undertaken through several other characteristics. 
After locating the data, collecting and using these data usually require researchers to sign 
confidentiality agreements which provide different guidelines on how to preserve confidentiality 
of the farmers, and on the way in which the data can be used and analysed. This should be 
respected at each step of the study until the publication of the results, and more particularly when 
establishing the connection between multiple data sources. Considering the obligation of 
respecting confidentiality agreements, making the connections between data sources can be 
extremely challenging (Tripathy et al., 2013; Vanderwaal et al., 2017). Moreover, the need for 
several steps to connect two data sources, which can only be achieved by the data holders for 
confidentially reasons, is time consuming and represents a disadvantage for both the person who 
requests the data and the person who shares it.  Adopting a similar system of identification of the 
farm or batch in all databases held by the pig industry, independent of the level at which the data 
are collected, would ease the connection between different data sources. Based on the difficulty 
encountered in their study, Sprague et al (2016) suggested that data usability can be improved by 
adopting several standardized metadata practices, such as creating a common system for data 
validation, settling global rules of registration and parametrizing data entry. This could help to 
merge and identify data from multiple sources. Data formats, universally recognized, could 
enhance the connectivity of the data sources (Vanderwaal et al., 2017) 
The possibility of connecting different data sources related to pig farming is poorly known at the 
moment. Moreover, precise methodologies to achieve such connections are not always detailed in 
scientific publication. Sprague et al (2017) provide detailed information about the difficulty to 
connect data from multiple sources, but the problems exposed are not always transferable to other 
research fields. General advice regarding how to conduct a secondary data analysis is currently 
present in the literature (Boslaugh, 2007; Schlomer et al, 2013), but the concrete application of 
this advice can be elusive when applied to a specific problem in a particular field of research. 
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This highlights the importance of reporting the difficulties encountered in secondary data 
analysis, or for connecting multiple data sources, and the way that these have been overcome in 
research about agriculture and animal health.  In order to improve the access to different 
databases, and encourage the use of the information recorded by different organizations, scientific 
journals should encourage the researchers who conduct secondary analysis to mention this clearly 
in their publications (Koo et al., 2016). The journals should also encourage precise description of 
the methodology used to collect and connect the data sources and operate the data management. 
Sharing such information may open new perspective for other researchers and the outputs from 
secondary data analysis might also be beneficial for the industry. 
In our analysis regarding different indicators of production diseases, the difficulty to connect the 
datasets had an impact on the sample size. The impossibility of identifying all the farms selected 
in the BPHS and Real Welfare databases (both are AHDB projects), was surprising as the 
producers were initially contacted through AHDB. This outcome illustrates how multiple steps to 
connect different datasets can severely impair the sample size. Therefore, simplifying these 
connections and developing alternative methodology to increase the sample size might also 
drastically reduce the selection bias and help to maintain accuracy in the analysis. This would 
lead to improved quality of outputs that could subsequently be generalized to the full population 
of pig farms.  
7.1.5    Assessing data quality and producing valuable outputs 
The studies conducted in this thesis highlight the possibility to collect data from industry-held 
databases with sufficient quality to then conduct appropriate data management and reply to 
research questions. First of all, the data themselves should enable research objectives to be met. 
Selecting data which are the most appropriate for the purpose of the research is crucial because 
the purpose of the data collection might not match the research needs, or the research question 
might require additional data or the combination of several datasets (Smith et al., 2011b). 
Therefore, the quality of the data should be assessed according to the objective of the research 
and the expected outputs.  
Furthermore, reliable data are a key element for decision making in animal health (Dohoo, 2015). 
After identifying reliable sources of information, the data management conducted on the different 
datasets will enable data quality to be assessed. Different issues are generally identified during 
this process. The large amount of missing data can be one of the major issues arising from 
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secondary data analysis (Dohoo, 2015; Sprague et al., 2017). For the data collected from the Real 
Welfare Scheme, a substantial amount of data was missing. On 112240 pens, the missing data for 
the different pen characteristics varied from few dozen to over one thousand. In contrast, in the 
study related to piglet mortality, and according to the variable considered, data were generally 
missing for no more than one or two farms. Most of the missing data in the Real Welfare dataset 
arose from the inability to connect different databases when attempting to connect data about 
health, welfare and performance. However, we also imputed missing entries about health and 
welfare using the iterative PCA algorithm. Missing data can be a major issue (Boslaugh et al., 
2007) that can lead to biased estimates and misinterpretation of the influence of different risk 
factors (Dohoo, 2015) and such information should therefore systematically appear in the 
methodology.   
Data can also be inaccurate, imprecise and multiple errors can arise from a poor data management 
and greatly impair the quality of the dataset. Some errors, such as biogically impossible values or 
inappropriate entries were found in the datasets collected for the different studies. This generally 
led to additional missing data, as accurate corrections were rarely possible. This highlights the 
importance of data validation after data collection (Emanuelson and Egenvall, 2013; Dohoo, 
2015; Vanderwaal et al., 2017). A quality control system improves the quality of the dataset and, 
therefore, the quality of the output from secondary data analysis (Vanderwaal et al., 2017). 
Specific methods are adapted for the validation of secondary data (Ennanuelson and Egenvall, 
2013). One of the advantages of coupling several data sources is the possibility to perform data 
validation through variables that are recorded in more than one dataset and check the 
discrepancies between datasets. The level of standardization in data collection and the structure of 
the dataset will be of great importance. Unstructured datasets might be limiting and the possibility 
to achieve the required data management, which enables the researchers to conduct analyses, will 
determine the usefulness of the data collected (Vanderwall et al., 2017). The lack of 
standardization of the collected data might drastically reduce the chance of using the information 
for scientific purposes.  Good data management represents a critical part of any study and data 
management of secondary data requires numerous operations. While part of these operations were 
succinctly explained, the inclusion of more details about the procedure to collect, combine and 
transform the data would ensure better reproducibility of the data management (Williams et al., 
2017). This could become a mandatory requirement for studies based on secondary data, clearly 
explained in the author guidelines of scientific journals.  Moreover, there is a new focus on data 
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management plans for grant applications, aiming to emphasize the importance of data sharing and 
long term data management or upstream activities which can impact data quality (Williams et al., 
2017).  This demonstrates that a new paradigm is opening up in scientific research, with 
challenges that move progressively from organizing data collection to extracting, preserving and 
sharing the information from the large amount of data already available.  
As suggested by Vanderwaal et al (2017), the increase in data volume and accessibility move the 
challenge from collecting data toward creating scientific value from the collected datasets. This 
value depends on the quality of the data, the originality of the analysis and the translation of the 
output of this analysis into practical advice. The quality of the datasets from BPHS, the Real 
Welfare Scheme and the CCPA group represented a unique opportunity to conduct secondary 
data analyses in a short period of time and in a cost-effective way. All these data were collected 
over several years with a standardized methodology and represented the only possibility in a 
restricted amount of time to assess the prevalence of pig welfare outcomes at national level, and 
also to develop a new approach to piglet mortality issues.  
The opportunity of secondary data analysis highlights the need to strengthen the communication 
between scientists and pig industry information holders. The increasing amount of data collected 
presents new challenges for collecting and analysing data, which could severely impact the 
opportunity to conduct original research if we fail to meet these challenges by giving an 
inappropriate response. This can be achieved by improving the level of standardization and 
automation of the data management and providing the appropriate tools to increase data utility 
(Vanderwaal et al., 2017). Secondary data analysis represents a possibility to strengthen the link 
between pig production stakeholders and research by closing the gap between the objectives of 
the scientists and the interests of the industry. In this thesis, we highlighted the possibility to 
conduct original research with secondary data which improved the understanding of production 
diseases and should be beneficial for the pig industry.  
 
7.2    Improvement in the understanding of production diseases 
7.2.1    Using indicators for production diseases 
The studies conducted on production diseases through several chosen indicators illustrate the 
usefulness of the data collected through voluntary monitoring systems and how these data can be 
used to assess animal health, welfare and performance as indirect measures of production diseases 
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(Correia-Gomes et al., 2017). Assessing production diseases can be challenging as they include 
numerous pathologies and syndromes. We have selected several indicators to provide a synthetic 
definition of production diseases. By assessing the level of connection between indicators of 
health, welfare and performance, and identifying different risk factors for these indicators, we 
intended to study production diseases in a more integrated manner.   
Investigating diseases through performance indicators is not new and appeared to be a useful tool 
to investigate pig health (Holt et al., 2011; Alarcon et al., 2013) but also disease outbreaks. For 
example, during investigation of salmon anaemia and Schmallenberg virus infections, the 
mortality and the milk production respectively were used to identify the disease outbreaks and 
investigate potential risk factors (Mc Clure et al., 2005; Roberts et al., 2014).  
In contrast, the estimation of animal welfare over the whole national pig population through 
animal-based welfare outcomes is relatively new. Scientifically validated tools to assess animal 
welfare became essential in order to meet consumer demand and the changes in the legislation 
regarding animal welfare. The consumer definition of meat quality includes different aspects: 
food safety, animal welfare, environment, healthiness, organoleptic properties and lifestyle 
(Wood et al., 1998) and animal welfare has become an indicator of other important food attributes 
(Gemma and Aikaterini, 2002).  European Council Directives and Commission Directives 
provide rules for pig care at different stages of life, for environmental requirements and for 
stockmanship in order to improve animal welfare (Caporale et al., 2005). The global concern 
about animal welfare has encouraged the development of international standards on animal 
welfare (OIE, 2016) and progressively raised the question of welfare equivalence in trade 
agreements (Thiermann and Babcock, 2005). This became a prominent issue in the recent post 
Brexit trade agreement considerations, with the possibility of cheaper, but lower welfare, product 
exported from countries with different production methods (AHDB, 2016). Such considerations 
highlight the need to clearly define welfare through different indicators and to develop a tool to 
assess and compare animal welfare in different systems and countries. While creating a system of 
assessment through Farm Assurance schemes represents a first step, the validity of such 
assessment should be evaluated with a scientifically grounded methodology. The analysis 
conducted on the Real Welfare Scheme database in Chapter 3 highlighted the changes which 
occurred over time and seasons but also according to different features in the farm environment. 
Having a better understanding of these changes will help to establish practical recommendations 
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that can be implemented by farmers and veterinarians in order to improve animal welfare, but 
also remind them of the necessity to closely look at the pigs and their pen environment to 
understand the potential issues affecting health and welfare in their own herd. 
The different studies conducted in this thesis demonstrated that indicators of health, welfare and 
performance are able to reveal subclinical diseases, usually connected to the inflammatory 
reaction and a decrease in performance, without the expression of clinical signs (Grutzer et al., 
2014; Pomorskat et al., 2014). These indicators can precede clinical disease or reflect chronic 
sub-clinical diseases giving rise to characteristic carcass lesions at the abattoir. A higher 
prevalence of such lesions at the abattoir is generally associated with a reduction in performance 
and an increase in the cost of pig production (Correia-Gomes et al., 2017). Moreover, the 
connections between indicators of health, welfare and performance suggest that abattoir lesions 
could be used as a proxy to detect other diseases or welfare issues in a resource-efficient 
surveillance system (Sanchez-Vazquez et al., 2012). The connections identified between the 
different indicators should encourage improvement in the data management to efficiently 
combine these data, especially across the datasets owned by the same organization. An 
improvement of data utility will enable assessment of the changes over time and space in quasi 
real-time and will facilitate both ongoing surveillance and the analyses conducted on these data, 
leading to better understanding of the problem of production diseases as a whole.  
Assessing production diseases through simple indicators can also be limiting. Taken alone, simple 
indicators may over-simplify the identification of health, welfare and performance issues and the 
understanding of such issues might require more elaborate analyses. We have attempted to adopt 
a wider perspective on animal welfare and piglet mortality by using simple indicators but also 
seeing the complex patterns underneath these issues. By identifying patterns in welfare and piglet 
mortality outcomes and connecting these particular patterns to different aspects of the 
environment, we have demonstrated the necessity to consider the multifactorial aspects of these 
different issues.  The analyses aimed to design a more integrated approach, where a particular 
issue is never considered on its own but in parallel with connected health or welfare issues, 
performance and several aspects of the environment. This came from the concept that strategies to 
improve health, welfare and performance should not be targeted to solve one particular problem, 
but should be seen as a reorganization which attempts to create a new balance. Several indicators 
could be similarly or differently impacted by management practices and features in the 
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environment, which requires a more sophisticated understanding of risk factors for production 
diseases. 
 
7.2.2    Identification of risk factors for health, welfare and performance  
Secondary data analyses provided the opportunity to better understand production diseases by 
identifying risk factors for animal welfare and the interconnection between health, welfare, 
performance and biosecurity. Voluntary monitoring systems, by increasing the sensitivity to 
detect health conditions, not only those related to public health, improve the surveillance of 
disease outbreaks and endemic diseases (Correia-Gomes et al., 2017). This allows early detection 
of changing health condition and provision of feedback on this to the farmers (Sanchez-Vazquez, 
2011, 2012).  However, risk-based planning to reduce diseases should be based on data analyses 
which consider the multifactorial aspect of such diseases. Our analyses have demonstrated the 
importance of several risk factors related to pig management and environment. Identifying these 
risk factors enables implementation of a strategy to improve animal health, welfare and 
performance in commercial pig farms. Moreover, capturing these risk factors through analyses 
which consider welfare or piglet mortality in a more integrated manner has permitted the 
formulation of recommendations that not only focus on a specific aspect of the issue. It has been 
demonstrated that our animal production systems increase the risk of pathogen circulation 
through inappropriate biosecurity and biocontainment measures and inefficient waste 
management (Graham et al., 2008). Our study suggests that biosecurity is a key element of animal 
heath but also influences welfare and performance. While health and welfare monitoring systems 
enable a better control of production diseases, monitoring the level of biosecurity and the pen 
environment will help to identify known risk factors and implement the necessary changes to 
reduce production diseases. In situations where changes of certain environmental features cannot 
be easily implemented, for example when they are inherent to a specific production system, 
particular attention should be given to health and welfare issues known to be connected to this 
environment in order to quickly treat or hospitalize sick pigs. This will enable faster reaction to 
disease and welfare issues when they occur, and better hospital pen management, in order to 
minimize the potential impact on the animals concerned and on herd performance. 
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7.2.3    Strategies for early detection of production diseases and new opportunities for 
syndromic surveillance 
The connections identified between different indicators of health, welfare and performance can be 
used to identify proxy indicators for early problem detection and optimize the data collected by 
the pig industry. Sanchez-Vasquez et al. (2012) identified several connections between 
pathologies, suggesting that lesions discovered during abattoir inspections could be used as a 
proxy for risk-based farm surveillance. Similarly, carcass condemnations at the abattoir have been 
connected to different pig disease outbreaks in Canada, strengthening the idea of a syndromic 
surveillance system that could be implemented at the abattoir (Thomas-Bachli et al., 2014). 
Furthermore, the results of our research, and more specifically the connection of tail biting with 
pyemia, suggest that the connection between pig pathologies detectable at the abattoir and welfare 
outcomes might mean that such assessments are not only useful to detect health problems but 
could be extended to identify on-farm welfare issues.  Additional analyses need to be conducted 
to assess the predictive values of pathologies detected at the abattoir and the possibility to use 
changes in their incidence as a signal to conduct further on-farm investigation. For example, the 
Real Welfare scheme could adopt this approach in conjunction with their current protocol, and 
additional assessments could be scheduled for farms estimated to be at risk of welfare and health 
issues. This may enable early detection of welfare issues and provision of the necessary support 
to the farms which face such problems. 
Apart from data collected during abattoir meat inspection, our study suggests that production 
performance and biosecurity level, which can be directly measured on farm, might be equally 
used as tools for risk-based surveillance. Moreover, knowledge that different environmental 
variables and pig farming systems constitute risks for certain outcomes may be additionally used 
to focus the attention of the farmer and the vet on potential health and welfare issues in pig herds 
raised in these particular environments. 
Better use of the data available through industry databases and voluntary schemes could be 
achieved through data pipelines that can collect information from different data sources and 
operate a quick and efficient treatment of this information in order to provide useful feedback to 
farmers and veterinarians (Vanderwaal et al., 2017).  
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7.3    Study limitations and opportunities for future research 
The differences between data sources, and the multiple steps necessary to locate, collect and 
connect the different data sources, do not allow us to claim any possible generalization of the 
strategyused to conduct this secondary data analysis to routine industry use. However, this 
provided an opportunity to highlight possible challenges and identify valuable sources of 
information which could be helpful in future studies. Moreover, two different methods can be 
used when exploiting industry data: define a research question and seek the dataset containing the 
data of interest, or, conversely, seek an interesting dataset and thereafter formulate the research 
question (Boslaugh, 2007). We used the first methodology, which might appear more 
challenging, but is also closer to the definition of original research without limiting the creativity 
of the researchers, although we appreciate that the second methodology may become more 
prevalent given the electronic availability of data. Moreover, the demonstration of using complex 
data management and overcoming the challenge of connecting different datasets might be a good 
way to promote the value of industry databases holding information and encourage other 
scientists to use these data in future research. 
The weakness of our sample, due to the necessity to combine three different datasets, suggests 
that a different methodology should be used that does not necessarily target population 
representativeness. Future secondary data analyses on the same topic should target a sampling 
methodology that prioritizes the connections between datasets and provides a larger sample size. 
This can be achieved, for example, by connecting all the data from the Real Welfare Scheme and 
BPHS as many farms belong to both schemes. This will enable future research to be conducted on 
larger datasets and will improve our understanding of the connections between health and welfare 
in commercial pig farms. 
The high number of variables collected might require more original approaches in order to 
analyse the available data in the most integrated manner. For example, around 200 variables per 
farm were collected in our study regarding piglet mortality on French farms. While particular 
attention was given to piglet management, due to the ease of implementing potential changes, all 
the data collected need to be studied in a more integrated way with original methodology. The 
need for a switch toward new methodologies using computer programming has been suggested by 
Vanderwaal et al. (2017) and various methodologies to handle a large amount of variables have 
been implemented in different studies (Machado et al., 2015; Dijkstra, 2016). However, such 
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methodologies require computing skills which are not inherent to epidemiologists and need to be 
developed in the future (Vanderwaal et al., 2017). 
New studies should be conducted to better assess the data available, the optimal route to locate, 
collect and connect these data, and also to assess the quality of the data available. Our studies 
highlight the increasing opportunities offered by secondary data analysis and the need to 
implement strategies that exploit the data available.  Creating connections between different data 
sources relating to pig health, welfare and performance has opened a number of possibilities for 
research, which can also be updated as long as the different schemes and stakeholders continue to 
record the data. The studies also demonstrate the unique opportunity to conduct specific research 
that could not be conducted with classical data collection in a restricted amount of time. However, 
engaging in further discussion with the industry will encourage them to better adapt the data 
available for scientific research by standardizing the databases and to target missing information 
that could be useful to study specific issues. We urgently need to showcase the double benefit of 
secondary data analysis, for both research and industry. This collaboration would enable work to 
address the different issues faced by the pig industry, to meet consumer demand and to elaborate 
strategies to respond to market pressure. The results of secondary data analysis can be used to 
improve the sustainability of animal production, which can only be achieved if the production 
issues are treated in a more integrated way. 
Finally, this study did not target to assess the impact on farmer motivation. This may require 
sociological analyses based on structural models that assess the attitude toward the scheme, the 
subjective norm and perceived behavioural control in order to assess the intention of the farmers 
regarding improvement of animal welfare. This is a complete different study that would be 
beneficial but was not conducted for this thesis.  
 
7.4    Reducing production diseases as part of a sustainable intensification 
The problem of antibiotic resistance, globalization and the trade in animal products all over the 
world, as well as the increasing concern about animal welfare in commercial farms, all require 
study of the impact of farming intensification, including the problem of production diseases. A 
better understanding of production diseases is essential to identify key elements for sustainable 
intensification.  
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The use of efficient production tools to enhance profitability can lead to important social and 
environmental consequences and impact severely on animal and public health, questioning the 
sustainability of such intensive agricultural systems (Mazoyer and Roudart, 2001). Sustainability 
has been the point of interest of recent agricultural policies. However, after considering the large 
range of ideas and initiatives existing in the agricultural landscape, farmer behaviours in relation 
to agro-environmental schemes support the idea of an agricultural industry which largely mixes 
ideas of productivism and post-productivism (Wilson, 2001). Sustainable intensification has been 
considered from different perspectives, aiming to find the best way to encourage sustainability 
but at the same time preserve the competitiveness of the most productive farming systems 
(Bowers, 1995). In the 1970’s, a United Nations conference on the environment highlighted the 
contradiction between the intensive growth and the available resources (Chambert et al., 2008). 
The question about sustainability of intensive agriculture arose for the first time. What is the 
alternative to create an agricultural sector which is economically viable, respectful for the 
environment and allows acceptable social condition for the agricultural workers? Scientific and 
public opinion debate this subject with many contradictory opinions and a real gap between 
Northern European and developing countries (Wilson, 2001).  Intensive agriculture was the 
response to food insecurity and impacted all actors, up and downstream in the supply chain. This 
system is dependent on our present economic system, which explains its market logic. Intensive 
farming remains an alternative to limit the land use for meat production, but the industrialization 
of animal production also impacts on the environment (Trienekens et al., 2009; Aiking, 2011, 
Mackenzie et al., 2015).  
Considering the growth of the world’s population and of their meat consumption, the abolition of 
intensive farming seems complicated or even impossible, but some modifications of this system 
to promote a better sustainability of intensive farming and a correlated environmental and 
economic efficiency should be considered (Chambert et al., 2008). This includes the need to 
rethink farming intensification and better understand the problem of production diseases. Policies 
might promote a change toward an ideology more respectful of the environment and animal 
welfare, giving less emphasis to the narrow idea of productivism. However, the problem of 
conceptualization of this transition makes it difficult to design a support policy for such a change, 
although this is necessary to support the market position of such agriculture. Farmer beliefs 
remain traditionally encompassed in market logic and might leave very little opportunity to think 
outside of this box (Meert et al., 2005). Therefore, scientific research that produces knowledge 
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regarding the current challenges to health, welfare and performance should seek to produce 
practical recommendations which demonstrate the possibility to use secondary data as a way to 
strengthen the connection between scientific research and the pig industry, and to efficiently 
communicate the results of such research to the industry. This could provide better support to the 
industry and would help to promote the necessary changes to address the current problems in 
different pig production systems.  
The different findings related to production disease also question how to define sustainable 
intensification. Considering that the environmental features and management practices which are 
most connected to farming intensification also lead to higher risk of production diseases, can pig 
production pursue intensification and sustainability at the same time? Some proofs of sustainable 
intensification, e.g. yield improvement on a fixed amount of land without adverse environmental 
impacts, are reported, but most of the time exclude livestock production that has important 
environmental impact (Firbank et al., 2013). Sustainable intensification remains difficult to define 
and different definitions, tools and data sources must be utilised to assess this sustainability and 
consider its multifactorial aspect (Barnes and Thomson, 2014). Current knowledge hardly 
provides proof of a clear existence of sustainable intensive pig farming but, at least, better health 
and welfare within intensive production should be considered as a way towards greater 
sustainability. Identification of risk factors for adverse outcomes might help to transform the way 
pigs are currently raised. Our analysis suggests that some commercial pig farms have better 
management which improves animal performance and welfare. This should not be taken as the 
exception, but as a reference for commercial pig farm standards. Rawles (2010) claimed that 
sustainability in agriculture should place a greater emphasis on animal welfare, based on the fact 
that sustainable development is ethically aspirational and the ethic should be applied on a large 
scale instead of just focussing on the inter-human topics. Moreover, sustainability should escape 
from the short-term economic priorities to build long term perspectives.  This appears even more 
logical considering the close relationship between health, welfare and performance identified in 
our study and their major economic impact. Moreover, the target of economic efficiency has 
shown cut-backs in social welfare and economic growth and has been somewhat detrimental to 
the well-being of the population (Rawles, 2010). Ideally, food production systems should outstrip 
economic values which have failed to represent the complexity of our world and its 
interconnections (Rawles, 2010). In the past, the utopia of market regulation has illustrated its 
impact on society and the reaction of society to counter balance the negative effects of a system 
 162 
 
based on profits (Polanyi, 1944). The gap existing between the food we produce, the farming 
methods promoted by the economic system and the real expectations of the society should help to 
challenge our view of food production and undertake the necessary changes to promote better 
animal health and welfare. 
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Appendix A: Connecting different data sources to assess the associations between biosecurity, health, welfare 
and performance in commercial pig farms in Great Britain (Chapter 2) 
Table A.1 Pearson(*) or Spearman correlations between biosecurity scores for 40 fattening pig farms visited in GB in 2015-16. 
  A1  B1*  C1* D1 Es1 F1 EXT*  G2 H2 I2 J2 K2 L2 INT* TOT3* 
A1 1          
B1 0.27  1       
C1*  0.13  0.25  1      
D1*  0.04  0.31  0.41  1                                  
E1  ‐0.08  0.15  0.30  0.26  1                               
F1  0.04  ‐0.10  ‐0.23  0.00  ‐0.12  1                            
EXT*  0.35  0.63  0.70  0.67  0.55  ‐0.01  1                         
G2  0.09  0.17  0.18  0.15  0.15  0.00  0.26  1                      
H2 0.21  0.07  ‐0.16 0.13 ‐0.24 0.21 ‐0.02  ‐0.05 1   
I2 0.09  0.27  ‐0.02 0.31 0.04 0.10 0.24 0.20 0.42 1   
J2 0.12  0.18  0.31 0.28 0.26 0.12 0.46 0.42 ‐0.13 0.11 1   
K2  0.25  0.08  0.33  0.43  0.30  0.15  0.43  0.22  ‐0.09  0.12  0.28  1          
L2  0.05  0.21  0.28  0.27  0.38  ‐0.10  0.32  0.42  ‐0.31  0.07  0.32  0.55  1       
INT*  0.14  0.24  0.43  0.45  0.46  0.08  0.61  0.55  ‐0.27  0.13  0.61  0.75  0.84  1    
TOT3*  0.20  0.38  0.58  0.58  0.57  0.04  0.82  0.48  ‐0.24  0.16  0.62  0.74  0.73  0.95  1 
Significant correlations in bold: moderately correlated if coefficient r > 0.3 and P < 0.05, strongly correlated if r > 0.6 and P < 0.05 
1 External biosecurity (EXT) sub-categories scores: A. Purchase of animals and semen; B. Transport of animals, removal of 
manure/dead animals; C. Feed, water and equipment supply; D. Personnel and visitor; E. Vermin/bird control; F. Environment and 
region. 
2  Internal biosecurity (INT) sub-categories scores: G. Disease management; H. Farrowing period; I. Nursery, J. Fattening pigs; 
K. Measures between compartments and the use of equipment; L. Cleaning and disinfection. 
3Total biosecurity(TOT)= mean (EXT+INT) 
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Table A.2 Pearson(*) or Spearman correlations between biosecurity scores for 28 breeding pig farms visited in GB in 2015-16. 
   A1  B1  C1*  D1*  Es1  F1  EXT*  G2  H2  I2  J2  K2  L2  INT*  TOT3* 
A1  1       
B1  0.20  1     
C1*  ‐0.25  ‐0.11  1    
D1*  ‐0.33  0.03  0.51  1     
E1  ‐0.07  0.27  0.22  0.16  1     
F1  0.15  ‐0.21  ‐0.37  ‐0.12  ‐0.56  1     
EXT*  0.04  0.39  0.62  0.66  0.53  ‐0.28  1     
G2  0.01  ‐0.05  0.21  0.31  0.03  ‐0.16  0.20  1   
H2  0.25  ‐0.02  ‐0.27  ‐0.03  ‐0.06  0.15  ‐0.11  ‐0.20  1   
I2  0.08  0.24  0.18  0.29  0.51  ‐0.18  0.43  0.28  ‐0.17  1   
J2  0.35  0.12  ‐0.11  ‐0.11  ‐0.07  0.26  0.09  0.01  0.00  0.28  1   
K2  0.01  ‐0.12  0.14 0.24 0.04 0.12 0.21 0.25 ‐0.06 0.39 0.18 1  
L2  ‐0.17  0.20  0.09 0.13 0.14 ‐0.10 0.13 0.46 ‐0.18 0.26 0.17 0.26 1  
INT*  ‐0.01  0.15  0.24 0.30 0.13 0.03 0.44 0.51 ‐0.16 0.63 0.48 0.63 0.72 1  
TOT3*  0.00  0.25  0.44  0.50  0.34  ‐0.12  0.75  0.47  ‐0.14  0.68  0.38  0.58  0.75  0.87  1 
Significant correlations in bold: moderately correlated if coefficient r > 0.3 and P < 0.05, strongly correlated if r > 0.6 and P < 0.05. 
1 External biosecurity (EXT) sub-categories scores: A. Purchase of animals and semen; B. Transport of animals, removal of 
manure/dead animals; C. Feed, water and equipment supply; D. Personnel and visitor; E. Vermin/bird control; F. Environment and 
region. 
2 Internal biosecurity (INT) sub-categories scores: G. Disease management; H. Farrowing period; I. Nursery, J. Fattening pigs; 
K. Measures between compartments and the use of equipment; L. Cleaning and disinfection. 
3Total biosecurity(TOT)= mean (EXT+INT) 
 
 165 
 
Table A.3 Pearson(*) or Spearman correlations between biosecurity scores, health indicators, welfare outcomes and production 
performance for 40 fattening pig farms for 2015-2016. 
EXT*  INT*  TOT* MOR FCR ADG* hosp  lam  stl  sbm  ep  pl  pc  pt 
EXT* 1.00    
INT* 0.61  1.00 
TOT* 0.82  0.95  1.00
MOR  ‐0.09  0.01  ‐0.01  1.00                               
FCR  0.19  0.46  0.41  0.11  1.00                            
ADG*  0.38  0.24  0.32  ‐0.40  0.40  1.00                         
hosp  0.36  0.47  0.46  0.34  0.30  ‐0.16  1.00                      
lam  0.10  ‐0.02  0.05  0.67  ‐0.20  ‐0.22  0.45  1.00                   
stl  ‐0.04  ‐0.31  ‐0.18 0.28 ‐0.14 ‐0.22 0.18 0.32  1.00
sbm  0.01  ‐0.26  ‐0.11 0.08 ‐0.09 ‐0.56 0.22 0.06  0.45 1.00
ep  0.02  ‐0.38  ‐0.28 0.06 0.02 ‐0.16 ‐0.27 0.35  0.34 0.07 1.00
pl  0.01  ‐0.51  ‐0.45  ‐0.06  ‐0.04  ‐0.30  ‐0.19  ‐0.23  0.20  0.11  0.66  1.00       
pc  0.15  ‐0.19  ‐0.12  0.15  0.42  ‐0.09  0.28  ‐0.13  ‐0.08  0.29  0.36  0.55  1.00    
pt  ‐0.02  ‐0.27  ‐0.19  ‐0.25  ‐0.58  ‐0.04  ‐0.07  0.12  0.16  0.45  0.09  0.06  ‐0.29  1.00 
ms  0.14  0.07  0.15  0.25  0.39  0.12  0.11  0.20  ‐0.16  0.53  0.11  ‐0.04  0.09  0.36 
hs  ‐0.39  ‐0.39  ‐0.39  0.05  ‐0.11  0.21  ‐0.28  0.25  0.08  0.37  ‐0.07  ‐0.02  ‐0.04  0.49 
pd  ‐0.04  ‐0.22  ‐0.18 0.02 ‐0.24 ‐0.04 ‐0.13 0.24  0.28 0.58 0.03 0.03 ‐0.20 0.64
tail  ‐0.29  ‐0.50  ‐0.45 0.17 0.04 ‐0.21 ‐0.24 0.15  0.38 0.58 0.16 0.18 ‐0.02 0.37
viral  0.13  0.18  0.21 0.07 0.16 0.15 0.23 ‐0.11  ‐0.23 ‐0.24 0.06 ‐0.10 ‐0.14 0.25
ppa  ‐0.16  ‐0.34  ‐0.35  ‐0.21  0.00  0.00  0.10  0.03  ‐0.06  0.07  0.32  0.52  0.16  0.31 
ppc  ‐0.11  0.11  0.07  ‐0.31  0.27  0.15  0.18  ‐0.25  0.03  0.18  ‐0.05  0.12  ‐0.10  0.03 
abscess  ‐0.08  ‐0.34  ‐0.27  ‐0.33  ‐0.02  0.44  ‐0.18  ‐0.29  0.14  ‐0.17  ‐0.05  ‐0.02  ‐0.01  0.42 
pyaemia  ‐0.06  ‐0.27  ‐0.22  0.05  0.16  0.30  ‐0.02  0.33  0.32  0.41  0.08  0.06  0.05  0.39 
ep score  0.04  ‐0.16  ‐0.05  0.00  0.06  0.02  ‐0.13  0.52  0.30  0.15  0.79  0.26  0.18  0.23 
pl score  ‐0.11  ‐0.54  ‐0.51 ‐0.12 ‐0.15 ‐0.36 ‐0.13 ‐0.24  0.19 0.10 0.51 0.90 0.33 0.15
Pd score  ‐0.05  ‐0.22  ‐0.18 0.00 ‐0.24 ‐0.04 ‐0.10 0.21  0.23 0.57 0.01 0.04 ‐0.20 0.64
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ms  hs  pd  tail  viral  ppa  ppc  abscess  Pyaemia ep score  pl score  pd score 
EXT*                                     
INT*                                     
TOT*         
MOR         
FCR         
ADG*                                     
hosp                                     
lam                                     
stl                                     
sbm                                     
ep          
pl          
pc          
pt                                     
ms  1.00                                  
hs  0.39  1.00                               
pd  0.31  0.54  1.00                            
tail  0.24  0.62  0.58  1.00                         
viral  0.27  0.11 ‐0.11 ‐0.02 1.00      
ppa  0.39  0.27 0.25 0.18 0.09 1.00    
ppc  0.23  0.16 ‐0.14 ‐0.01 0.15 0.42  1.00   
abscess  0.24  0.34  0.11  0.37  ‐0.01  0.32  0.21  1.00             
pyaemia  0.58  0.59  0.44  0.51  ‐0.08  0.51  0.34  0.62  1.00          
ep score  0.22  0.07  0.00  0.12  0.26  0.21  ‐0.02  0.10  0.17  1.00       
pl score  ‐0.13  ‐0.02  0.10  0.23  ‐0.05  0.57  0.19  0.11  0.05  0.18  1.00    
Pd score  0.31  0.54  1.00  0.58  ‐0.11  0.27  ‐0.13  0.11  0.44  ‐0.01  0.11  1.00 
EXT: External biosecurity, INT: internal biosecurity score, TOT: total biosecurity score,  ADG: Average daily weight gain, FCR: Feed conversion 
ratio, MOR: Mortality, hosp: pigs requiring hospitalization, lam: lameness, stl: severe tail lesions, sbm: severe body marks, ep: enzootic 
pneumonia, pl: pleurisy, pc: pericarditis, pt: peritonitis, ms: milk spot, hs: hepatic scarring, pd: papular dermatitis, tail: tail-bitten, viral: viral-type 
distribution, ppa: pleuropneumonia – acute, ppc: pleuropneumonia – chronic, abscess: abscess, pyaemia: pyaemia, ep score: score enzootic 
pneumonia, pl score: score pleurisy, pd score: score papular dermatitis
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Table A.4 Pearson(*) or Spearman correlations between production performance and biosecurity 
scores for 28 breeding pig farms for 2015-2016. 
 
 
 
 
 
 
 
 
 
 
Figure A.5 Correlation matrix: Correlations between welfare outcomes, production performance, 
health indicators and biosecurity scores for 40 fattening pig farms for 2015-2016. The more 
intense is the blue colour, the stronger is the correlation between two variables. 
   EXT*  INT*  TOT*  PB*  PBA*  PW* 
EXT*  1       
INT*  0.44  1             
TOT*  0.75  0.87  1          
PB*  0.11  0.33  0.29  1       
PBA*  0.15  0.4  0.36  0.93  1    
PW*  0.28  0.43  0.44  0.73  0.86  1 
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Figure A.6 Correlation matrix: Correlations between production performance and biosecurity 
scores for 28 breeding pig farms for 2015-2016. The more intense is the red colour, the stronger is 
the correlation between two variables. 
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Appendix B: The “Real Welfare” Scheme: benchmarking welfare outcomes 
for commercially farmed pigs (Chapter 3) 
 
 
Appendix B.1 Sampling and data collection. 
The number of assessments (2 to 4) depended on pig flow and they were carried out during 
quarterly visits from the farm veterinarian. All participating veterinarians were required to be 
members of the Pig Veterinary Society. All vets wishing to carry out these assessments were 
required to undergo online and practical training to ensure standardisation of recording 
[http://pork.ahdb.org.uk/health-welfare/welfare/real-welfare/real-welfare-vets/]. The assessment 
involved 5 main measures. Full details of the measurement protocol can be found at 
[http://pork.ahdb.org.uk/health-welfare/welfare/real-welfare/]. Tail lesions and body marks were 
assessed on a sample of pigs per pen but pigs requiring hospitalization, lame pigs and enrichment 
use were assessed for all pigs in the selected pens as this method improved the accuracy of the 
recording of these welfare outcomes which usually occur at low prevalence. The number of pens 
assessed at each visit was selected to be representative of the farm and to comply with the 
number of pigs required to be assessed each year for tail lesions and body marks. For units of 
300 finisher places or less, a minimum of 300 pigs should be sampled each year, but for units of 
900 finisher places or more, a total of 900 pigs should be sampled per year. For units of between 
300 to 900 finisher places, an equivalent representative proportion should be sampled. The 
sampling of pigs within a pen was as follows: all pigs in the pen if there were fewer than 25 pigs, 
25 pigs if there were up to 100 pigs in the pen, or 50 pigs if there were more than 100 pigs in the 
pen. Sampling more pigs than this per pen was allowed at the vets’ discretion and if the total 
number of pigs required to be sampled on farm could not be reached (for instance if a farm had 
only few pens, but with many pigs). In case the necessary number of pigs was not reached, 
therefore, the recommendation was to divide the number of pigs needed from a pen type by the 
number of pens available (eg if 150 pigs were needed from two pens of 100, sample 150/2 = 75 
pigs per pen). Data were preferentially collected from pigs of ≥50kg liveweight, but if there were 
not enough pigs for the sample then pigs of ≥30kg liveweight were also included in the sample.  
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Table B.2 Measurements used in the assessment. Each pig in the sample selected was classified 
into one of the several levels for each measurement (the classification for enrichment use only 
concerns the active pigs of the sample). 
Measurements Definitions 
Pigs requiring 
hospitalization 
Yes  
 
 
 
 
 
No 
 
Any pigs seen in the sampled pens that would benefit from being separated into a 
hospital pen. (The nature of the health condition and the pen environment will 
affect this measure). Some types of pigs which may benefit from being in a 
hospital pen include pigs which are sick, injured or lame and are unable to 
compete for resources, being bullied/ tail bitten or would benefit from access to 
bedding that is more comfortable than that available in the pen. 
Pigs that would not benefit from removal to a hospital pen. 
 
Lame pigs 
Lame 
 
 
 
 
Non lame 
 
Pigs with signs of lameness. Include any pig that, when standing, will not bear full 
weight on the affected limb and/or appears to be standing on its toes. When 
moving there is a shortened stride with minimum or no weight-bearing on the 
affected limb and a swagger of the hind quarters. May still be able to trot and 
gallop. 
Pigs without any sign of lameness 
Pigs with tail lesions 
Severe 
 
 
Mild 
 
No lesions 
Dirty 
 
Pigs with severe tail lesions. Proportion of tail has been removed by biting, or tail 
is swollen or held oddly, or scab covering whole tip or fresh blood visible  
Pigs with mild tail lesions. Linear lesion extending 1cm or more, or scabs/lesions 
greater than 0.5cm diameter, or swelling visible  
Pigs without any of the above lesions  
Pigs dirty enough to obscure potential mild lesions but not the severe ones. Tail 
end or whole tail is soiled making assessment of mild lesions difficult. 
Pigs with body marks 
Severe 
 
 
Mild 
 
 
No lesions 
Dirty 
 
Pigs with severe body marks.  Lesion is larger than 5x5cm diameter, or lesion 
extends into deeper layers of skin, or lesions cover a large percentage of skin 
(>25%) 
Pigs with mild body marks. Linear lesion longer than 10cm  or if there are 3 or 
more 3cm lesions or if there is a circular area larger than 1cm diameter 
Pigs without any of the above body marks  
Pigs dirty enough to obscure potential mild body marks but not the severe ones. 
The pig is soiled with > a handsize (15cm x 10cm) of fresh/old slurry/urine/faeces, 
or mud which is dense enough to conceal mild lesions.  
 
Enrichment use 
Enrichment 
 
 
Other 
 
Pigs interacting with enrichment in the pen. Number of standing or sitting pigs 
investigating a manipulable material, i.e. substrate or toy provided as enrichment. 
Pigs interacting with other pens features or pen mates. Number of standing or 
sitting pigs manipulating other pigs, pen fittings, pen floor or muck. 
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Table B.3 Number of pens and pigs in the study population with objects and/or substrates for 
enrichment. 
  Farms Percentage Pens Percentage Pigs Percentage 
Substrates and 
Objects 279 14.5 3 111 2.8 204 580 3.7 
Substrates1 1 330 69.0 51 234 45.6 3 386 964 62.0 
    Including Straw 1 310 67.9 50 136 44.7 3 320 398 60.8 
Objects2 1 012 52.5 51 826 46.2 1 740 123 31.9 
Total 1 928 100 112 240 100 5 463 348 100 
1Pens with substrates (with or without objects) 
2Pens with objects (with or without substrates) 
 
 
 
Table B.4 Qualification of quantity provided for the substrates present in the pens. 
Enrichment  Number of Pens 
Percentage 
of all pens 
with straw 
 
Number 
of pigs 
 
Percentage 
of all pigs 
with straw 
Straw      
Restricted 439 1.18 12 466 0.53 
Low 4 617 12.38 148 853 6.27 
Medium 17 055 45.75 872 111 36.76
Deep 6 306 19.91 659 317 27.79 
Deep and medium2 21 0.06 1 184 0.05 
Low and deep or restricted or 
medium2 
73 0.20 2 583 0.11 
Not qualified 8 771 23.53 676 158 28.50 
Total straw1 37 282 100 2 372 672 100  
Total without straw1 37 314 - 1 310 650 - 
1Based on a subset of assessments of 74 596 pens reporting qualification of amount  
2Two qualifications were recorded for the straw (the straw bedding was not uniform) 
 
 
Table B.5 Proportion of pens and pigs in the study population with undocked tails. 
Tails 
Number 
 of pens % 
Number 
of pigs 
% 
Docked 96 009 85.54 3 847 672 70.43
Mixed 3 628 3.23 290 433 5.31 
Undocked 12 584 11.21 1 324 936 24.25 
Not recorded 19 0.02 307 0.01
Total 112 240 100.00 5 463 348 100.00 
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Table B.6 Tail lengths (proportion of tail remaining) for the pens and pigs in the study 
population.  
Length 
Number  
of pens % 
Number 
 of pigs % 
<0.33 38 934 34.69 1 539 023 28.17 
~0.5 30 379 27.07 1 259 775 23.05 
>0.5 24 040 21.41 962 980 17.63 
Mix of 
lengths 5 272 4.70 263 595 4.83 
Undocked 12 584 11.21 1 324 936 24.25 
Not recorded 1 031 0.92 113 039 2.07 
Total 112 240 100 5 463 348 100 
 
 
Table B.7 Proportion of pens with undocked pigs according to the environment. Data collected 
at pen level from April 2013 to May 2016. 
Categories                            Number of Pens      Number of pigs 
  Docked Mixed Undocked
            
Undocked
% undocked 
in the sub-
category 
Pen type                         
Indoor 89 868 3 436 10 289 1 118 087 22.0 
In&outdoor 5 350 129 610 21 146 14.0 
Other type 478 39 68 7 515 28.6 
Outdoor 301 24 1617 178 265 89.6 
Pen size                      
Large 3 205 466 2 509 787 034  42.2 
Medium 33 213 1 682 5 573 76 413 6.4 
Small 59 591 1 480 4 502 461 489 19.2 
Ventilation                       
Natural 68 554 3 420 11 585 1 267 719 23.20 
Powered 26 332 182 885 41 201 0.75 
 
 
 
Table B.8 Proportion of pens with undocked tail pigs according to the enrichment. Data 
collected at pen level from April 2013 to May 2016. 
Categories                                          Number of Pens Number of pigs 
  Docked Mixed Undocked Undocked % 
Substrate 39 123 2 638 9 462 1 063 415 31.2 
No Substrate 56 886 990 3 122 261 521 12.6 
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Table B.9 Description of welfare outcomes at farm level (% of pigs or ratio). 
Welfare outcomes  Mean SD 
1st 
Quartile Median
3rd 
Quartile Min Max 
Pigs requiring hospitalization1 0.001 0.002 0 0 0 0 0.05
Lame pigs1 0.002 0.005 0 0 0.002 0 0.19 
Severe tail lesions1 0.001 0.006 0 0 0 0 0.15 
Severe body marks1 0.002 0.009 0 0 0 0 0.15 
Enrichment ratio1 0.505 0.261 0.318 0.512 0.680 0 1.00 
1: Values based on annual rolling averages 
 
 
 
Table B.10 Description of the Welfare outcomes at pen level (% of pigs or ratio) (April 2013-
May 2016). 
 
1Includes only the pens where mild lesions were assessed 
 
 
 
 
 
 
 
 
 
 
 
 
Average percentage Mean SD 
1st 
Quartile Median
3rd 
Quartile Min Max 
Pigs requiring 
hospitalization 0.09 0.79 0 0 0 0 50 
Lame pigs 0.21 1.30 0 0 0 0 100 
Enrichment use ratio 0.47 0.36 0.11 0.47 0.75 0 1 
Severe tail lesions 0.17 1.61 0 0 0 0 100 
Mild tail lesions1 1.45 4.79 0 0 0 0 100
Dirty tail1 5.70 15.87 0 0 0 0 100
Severe body marks 0.28 1.94 0 0 0 0 100 
Mild body marks1 11.00 15.22 0 5.55 16 0 100 
Dirty body1 3.33 12.96 0 0 0 0 100 
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Table B.11 Description of the Welfare outcomes at pen level (% of pigs or ratio) (April 2013-
November 2013). 
 
 
 
Table B.12 Variance inter-pen in the same farm (intra farm): Mean value, minimum and 
maximum in the pig population of farms studied. 
  
mean values of the 
intra-farm variances Min Max 
Pigs requiring hospitalization % 0.46 0 35.3 
Lame pigs % 1.22 0 206.9 
Severe tail lesions % 2.20 0 581.3 
Severe body marks % 2.89 0 338.4 
Enrichment use ratio 0.025 0 0.094 
 
 
 
 
 
 
 
 
 
Percentage Mean SD 
1st 
Quartile Median 
3rd 
Quartile Min Max 
Pigs requiring 
hospitalization 0.15 1.06  0 0  0 0 33.3 
Lame pigs 0.36 1.88  0 0  0 0 100 
Enrichment use ratio 0.47 0.36 0 0.50 0.75 0 1 
Severe tail lesions 0.16 1.51 0 0 0 0 52.9
Mild tail lesions 1.72 5.23  0 0  0 0 100 
Dirty tail  5.63 14.96  0 0  0 0 100 
Severe body marks 0.27 2.05  0 0  0 0 100 
Mild body marks 13.00 16.36  0 8  20 0 100 
Dirty body  3.03 11.95  0 0  0 0 100 
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Table B.13 Four groups of farms (one for each welfare outcome) were selected with a prevalence above the 90th percentile in 2013. 
The mean and the standard deviation (SD) of each welfare outcome for these groups of selected farms were calculated for each year 
from 2013 to 2016. The result of the Friedman test is reported for each group of farms. 
 
 
  
90th 
Percentiles 
Mean values of the welfare 
outcomes for the selected farms
P value 
Friedman test 
Mean 
 2013 
SD 
2013 
Mean 
 2014 
SD 
2014 
Mean 
 2015 
SD 
2015 
Mean 
 2016 
SD 
2016 
Lame pigs 0.954 1.944 1.326 0.700 0.763 0.340 0.410 0.291 0.523 <0.001 
Pigs requiring hospitalization 0.382 0.759 0.456 0.119 0.215 0.062 0.126 0.065 0.167 <0.001 
Pigs with severe tail lesions 0.333 1.083 1.196 0.426 0.711 0.298 0.801 0.354 1.650 <0.001 
Pigs with severe body marks 0.605 2.157 1.904 0.807 1.645 0.714 2.091 0.293 0.821 <0.001 
 
 
 
 
Figure B.14 Means of welfare outcomes for the farms above the value of 90th percentile in 2013. 
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Table B.15 Kendall’s tau-b correlation coefficient between the average percentages of lame pigs 
for individual farms in each year. 
 
  2013 2014 2015 2016
2013 1.000       
2014 0.3601 1.000     
2015 0.299 0.4441 1.000   
2016 0.239 0.316 0.3711 1.000
1Considered significant P<0.05 tau>0.3 
 
Table B.16 Kendall’s tau-b correlation coefficient between the average percentages of pigs 
requiring hospitalization for individual farms in each.  
year. 
  2013 2014 2015 2016
2013 1.000       
2014 0.108 1.000     
2015 0.103 0.3021 1.000   
2016 0.125 0.133 0.190 1.000
1Considered significant P<0.05 tau>0.3 
 
Table B.17 Kendall’s tau-b correlation coefficient between the average percentages of severe tail 
lesions for individual farms in each year. 
year. 
  2013 2014 2015 2016
2013 1.000       
2014 0.199 1.000     
2015 0.180 0.260 1.000   
2016 0.134 0.125 0.242 1.000
1Considered significant P<0.05 tau>0.3 
 
Table B.18 Kendall’s tau-b correlation coefficient between the average percentages of severe 
body marks for individual farms in each year. 
  2013 2014 2015 2016
2013 1.000       
2014 0.3231 1.000     
2015 0.217 0.3941 1.000   
2016 0.146 0.213 0.3281 1.000
1Considered significant P<0.05 tau>0.3 
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Table B.19 Odds ratio, confidence intervals and p-value. The proportion of lame pigs and pigs 
requiring hospitalization were the dependent variables and the season was the independent 
variable in a model that considered the farm as a random effect. 
 
 
 
 
 
 
 
 
 
 
 
Table B.20 Odds ratio, confidence intervals and p-value. The proportion of pig with severe tail 
lesions, the proportion of pigs with severe body marks and the proportion of pigs that interacted 
with the enrichment were the dependent variables and the season was the independent variable in 
a model that considered the farm as a random effect. 
 
 
Table B.21 Correlations between percentage of the different measures of pig welfare for all pens.   
  Hospital Lame 
Severe 
tail 
lesions 
Severe 
body 
marks 
 
Ratio 
Absence 
of tail 
lesions 
Absence 
of body 
marks 
Pigs requiring hospitalization 1.00   
Lame pigs 0.331 1.00   
Severe tail lesions 0.19 0.05 1.00   
Severe body marks 0.04 0.01 0.05 1.00   
Enrichment use ratio 0.01 0.02 -0.02 0.00 1.00  
Absence of tail lesions -0.11 -0.04 -0.21 -0.04 0.01 1.00 
Absence of body marks -0.09 -0.06 -0.02 -0.15 0.03 0.351 1.00 
1 P<0.05 R>0.3 or <-0.3 
 
  Lame pigs Pigs requiring hospitalization 
  
Odds 
ratios CI95% P values 
Odds 
ratios CI95% P values 
Spring Intercept    Intercept     
Summer 0.775 0.718 0.837 <0.001 0.866 0.767 0.978 0.021 
Autumn 0.825 0.766 0.889 <0.001 0.842 0.749 0.948 0.004 
Winter 0.847 0.789 0.910 <0.001 0.831 0.741 0.931 0.001 
  Severe tail lesions Severe body marks Enrichment use ratio 
  
Odds 
ratios CI95% 
P 
values
Odds 
ratios CI95%
P 
values
Odds 
ratios CI95%
P 
values
Spring Intercept    Intercept    Intercept    
Summer 0.915 0.826 1.015 0.093 0.956 0.882 1.036 0.276 0.925 0.842 1.016 0.105
Autumn 1.019 0.926 1.121 0.705 0.822 0.759 0.891 <0.001 1.313 1.194 1.443 <0.001
Winter 1.018 0.923 1.123 0.714 0.911 0.844 0.984 0.018 1.373 1.240 1.521 <0.001
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Table B.22 Correlation of the different measures of welfare (%) for the pens which received an assessment for both severe and minor 
lesions and body marks over the whole 3-year assessment period. 
  
Mild 
marks 
Mild tail 
lesions Dirty tail 
Dirty 
body Hospital Lame 
Severe 
tail 
lesions 
Severe 
body 
marks Ratio
No tail 
lesions 
No 
body 
marks  
Mild marks 1.00   
Mild tail lesions 0.20 1.00   
Dirty tail 0.11 0.19 1.00   
Dirty body -0.01 0.12 0.491 1.00   
Pigs requiring hospitalization 0.08 0.09 0.08 0.05 1.00  
Lame pigs 0.05 0.05 0.02 0.04 0.341 1.00  
Severe tail lesions 0.03 0.21 0.03 0.00 0.20 0.06 1.00  
Severe body marks 0.09 0.04 0.02 -0.02 0.04 0.01 0.03 1.00  
Enrichment use ratio -0.03 -0.01 0.02 0.04 0.01 0.02 -0.02 -0.01 1.00  
No Lesions -0.17 -0.641 -0.811 -0.421 -0.11 -0.03 -0.21 -0.04 0.00 1.00  
No body marks -0.871 -0.20 -0.29 -0.381 -0.08 -0.05 -0.02 -0.15 0.03 0.321 1.00 
1 P<0.05 R>0.3 or <-0.3 
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Table B.23 Correlation of the different measures of welfare (%) for the pens which received an assessment for both severe and minor 
lesions and body marks during the start-up assessment period (April 2013-Nov 2013). 
 
1 P<0.05 R>0.3 or <-0.3 
  
Mild 
body 
marks 
Mild tail 
lesions 
Dirty 
tail 
Dirty 
body Hospital Lame 
Severe 
tail 
lesions 
Severe 
body 
marks Ratio 
No tail 
lesions 
No body 
marks  
Mild body marks 1.00  
Mild tail lesions 0.19 1.00  
Dirty tail 0.12 0.21 1.00  
Dirty body -0.01 0.12 0.511 1.00  
Pigs requiring 
hospitalization 0.07 0.09 0.07 0.05 1.00  
Lame pigs 0.04 0.04 0.02 0.05 0.341 1.00 
Severe tail lesions 0.04 0.21 0.04 0.00 0.21 0.06 1.00
Severe body marks 0.09 0.05 0.03 0.00 0.05 0.03 0.04 1.00 
Enrichment use ratio -0.03 -0.01 0.03 0.04 0.02 0.02 -0.02 -0.01 1.00 
No tail lesions -0.18 -0.651 -0.811 -0.431 -0.11 -0.03 -0.21 -0.05 0.00 1.00 
No body marks -0.871 -0.19 -0.311 -0.381 -0.09 -0.05 -0.03 -0.14 0.03 0.331 1.00 
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Appendix C: The “Real Welfare” scheme: Identification of risk and protective 
factors for welfare outcomes in commercial pig farms in the UK (Chapter 4) 
 
Table C.2 Results of sampling size calculations. 
lameness hospital pigs 
severe 
tail 
lesions 
severe 
body 
marks 
enrichment 
use ratio 
sigma (σ) (Standard deviation) 1.30 0.79 1.61 1.94 0.36
margin of error (e) (10% of the mean) 0.021 0.009 0.017 0.028 0.047
margin of error (e) (20% of the mean) 0.042 0.018 0.034 0.056 0.094 
intraclass correlation (ICC) 0.39 0.40 0.54 0.64 0.35 
average number of pens per farm (m) 10 10 10 10 10 
actual sample size (N’) 112 241 112 241 112 241 112 241 112 241 
design effect (Deff) 4.51 4.60 5.86 6.76 4.15 
sample size (N) considering clustering 
effect 
24887.14 24400.22 19153.75 16603.70 27046.02 
power with e= 10% of the mean 72.2% 42.8% 30.9% 46.0% 100%
power with e= 20% of the mean 99.9% 94.5% 83.2% 96.1% 100%
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Table C.2 Multiple Correspondence Analysis solution: eigen values, percentage of inertia and 
cumulative percentage inertia. 
components eigen values % cumulative % 
1 0.284 23.5 23.5 
2 0.196 16.2 39.6 
3 0.171 14.1 53.8 
4 0.113 9.3 63.1 
5 0.100 8.2 71.3 
6 0.091 7.5 78.8 
7 0.078 6.5 85.3
8 0.050 4.1 89.4
9 0.042 3.5 92.9 
10 0.040 3.3 96.2 
11 0.021 1.7 97.9 
12 0.015 1.3 99.2 
13 0.005 0.5 99.7 
14 0.001 0.1 99.8 
15 <0.001 0.1 99.9
16 <0.001 0.1 100.0
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Table C.3 Absolute contribution to the inertia of the axis (per 10 000) for the first and the 
second factorial axes. 
  F1 F2  
no indoor pen 0 3294  
indoor pen 0 274  
no in&outdoor pen 2 178  
in&outdoor pen 31 3100  
no straw 651 64  
straw  806 79  
no plastic objects 353 50
plastic objects 718 102
ventilation.natural 204 96  
ventilation.power 633 277  
feed.meal 0 49  
feed.liquid 1629 210  
feed.pellets 427 10  
ad libitum 108 56  
restricted 988 512
feeder.floor 16 328
feeder.hopper 363 106  
feeder.trough 1394 262  
docked tails 60 57  
 undocked tails 474 450  
tail lengths <0.5 440 165  
tail lengths >0.5 703 281  
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Figure C.4 Partial representation of the Figure 1 plot with the addition of  the supplementary 
variables (Presence of pigs requiring hospitalization, presence of lame pigs, presence of severe 
tail lesions, presence of severe body marks) on the first and second factorial axis of the MCA 
graph along with the active variables and the axes connecting the variables (number in bracket 
on the MCA graph):  not indoor pen (1),  indoor pen (2), not in&outdoor outdoor pen (3), 
in&outdoor  pen (4), no straw (5), straw (6), no plastic objects (7), plastic objects (8), natural 
ventilation (9), powered ventilation (10), meal feeding (11), liquid feed (12), pellets feeding (13), 
feed always available (ad libitum) (14), restricted feed (15), floor feeding (16), hopper feeding 
(17), trough feeding (18), docked tails (19), undocked tails (20), tail lengths <0.5 (21) and tail 
lengths >0.5 (22). 
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Figure C.5 Partial Plot of the MCA showing the supplementary variables "% of lameness > 
mean", "% of pigs requiring hospitalization > mean ","% of severe tail lesions > mean" and "% 
of severe body marks > mean ",  along with the active variables and the axes connecting the 
variables(number in bracket on the MCA graph):  not indoor pen (1),  indoor pen (2), not 
in&outdoor outdoor pen (3), in&outdoor  pen (4), no straw (5), straw (6), no plastic objects (7), 
plastic objects (8), natural ventilation (9), powered ventilation (10), meal feeding (11), liquid 
feed (12), pellets feeding (13), feed always available (ad libitum) (14), restricted feed (15), floor 
feeding (16), hopper feeding (17), trough feeding (18), docked tails (19), undocked tails (20), tail 
lengths <0.5 (21) and tail lengths >0.5 (22).
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Figure C.6 Partial representation of the Figure 1 plot with addition of  the supplementary 
variables related to different levels of enrichment use ratio, and high prevalence of the outcomes  
lameness, pigs requiring hospitalization, tail lesions and body marks, on the first and second 
factorial axis of the MCA graph, along with the active variables and the axes connecting the 
variables (number in bracket on the MCA graph): not indoor pen (1),  indoor pen (2), not 
in&outdoor outdoor pen (3), in&outdoor  pen (4), no straw (5), straw (6), no plastic objects (7), 
plastic objects (8), natural ventilation (9), powered ventilation (10), meal feeding (11), liquid feed 
(12), pellets feeding (13), feed always available (ad libitum) (14), restricted feed (15), floor 
feeding (16), hopper feeding (17), trough feeding (18), docked tails (19), undocked tails (20), tail 
lengths <0.5 (21) and tail lengths >0.5 (22). 
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Appendix D: Risk factors associated with the different categories of piglet 
perinatal mortality in French farms (Chapter 5) 
 
 Appendix D.1 Sample size calculation 
N’=N x Deff 
N=ܼଶ ௣ሺଵି௣ሻ௘మ  
Deff= (1+ܫܥܥ௣(݉௣-1)) x (1+ܫܥܥ௦ݓ(݉௦-1)) 
ݓ ൌ ሺ݉௣ܫܥܥ௣ሻ/ሺ1 ൅ ሺ݉௣ െ 1ሻܫܥܥ௣ሻሻ 
Where: N’ minimal sample size 
N Sample size required to estimate a proportion in absence of intraclass correlation 
 Z	 Value from standard normal distribution corresponding to the desired confidence level 
(Z=1.96 for 95% CI) 
p Estimated percentage of a particular category on the total number of dead piglets  
e Level of precision  
Deff Design effect which accounts for the clustering in litters and farms 
ICC୮ Intraclass correlation between piglets within the litter, ICCୱ Intraclass correlation 
between sows within the farm 
m୮ is the average number of dead piglet per litter,  mୱ is the average number of sows per 
farm 
 
A value of 40% for p has been chosen according to the maximum values reported in the 
literature (Panzardi et al., 2013; Kilbride et al., 2012). The chosen level of precision e was 
5%. An ܫܥܥ௣ of 0.4 and an ܫܥܥ௦ of 0.4 were used, based on the maximum value found in 
different studies of piglet mortality or piglets disorders (McDermott and Schukken, 1994; 
Kilbride et al., 2012; Skampardonis et al., 2012; Kongsted et al., 2014; Iida et al, 2014). The 
value of ݉௣ was 3.5 and ݉௦ was 18.1. 
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Table D.2 Categories of perinatal mortality: Definition of the categories of perinatal mortality 
and their classification based on the necropsy and the time of death. 
Categories Definition 
anaemia Mature lungs, abrasion of the feet, death after farrowing, pale  skin and mucosa, white 
porcelain colour of the body, no organ lesions visible during the necropsy 
arthritis Mature lungs, abrasion of the feet, death after farrowing, swelling joints, signs of 
arthritis during necropsy 
starvation Mature lungs, abrasion of the feet, death after farrowing, empty stomach and intestine, 
no organ lesions visible during the necropsy, urate crystals in the kidneys 
dehydration/ 
enteritis 
Mature lungs, abrasion of the feet, death after farrowing, significant quantity of liquid 
in the intestine, signs of dehydration, sticky sub-cutaneous tissue, urate crystals in the 
kidney  
crushing Mature lungs, death after farrowing, lesions of trauma, signs of compression on the 
skin, internal bleeding, broken rib, tongue hanging out of the mouth 
acute disease Mature lungs, death after farrowing, pericarditis, pleurisy, abscess, peritonitis, signs of 
inflammation on the umbilical cord, gingivitis after teeth clipping, petechial bleeding 
malformation Death during or after farrowing, signs of malformation 
splayleg Mature lungs, death after farrowing, cause reported by the farmer, no organs lesions at 
the necropsy 
killed by the 
sow Mature lungs, death after farrowing, signs of bites 
killed by the 
farmer Mature lungs, death after farrowing, reported by the farmer, signs of cranial trauma 
Unknown 
cause None of the other causes were identified, problem of conservation of the body 
Early sepsis  Incomplete lung maturation, lack of abrasion of the feet, no signs of autolysis lesions 
but lesions of septicaemia, inflammatory lesions, peritonitis, fibrin in the abdomen, 
systemic lymphadenomegaly and lymphadenitis. 
mummified Death during gestation after ossification, signs of mummification 
death before 
farrowing 
Incomplete lung maturation, lack of abrasion of the feet, more than 800g, no organ 
lesions visible during the necropsy, autolysis lesions 
death during 
farrowing 
Incomplete lungs maturation, lack of abrasion of the feet, differential colour of the 
organs, congestion of the intestine, meconium on the skin, pale skin with purplish skin 
haemorrhage, no signs of septicaemia 
non-viable 
piglet 
piglets < 800g excluding mummified piglets 
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Table D.3 Data recorded at farm and piglet levels: Some of these data were selected as 
covariates in the binary logistic regression, to assess their impact on the proportion of piglet 
deaths at piglet levels (see main text and superscripts). 
Farm level Piglet level 
Holding number of farm Holding number of farm 
Average ܵ݋ݓ	ܲܽݎ݅ݐݕ 	ሺܣܸܩܲሻ Sow Parity ସ 
Average Litter ݏ݅ݖ݁	 ሺܣܸܩܮሻ Litter size ସ 
Average weight of the dead 
pigletsଵ		ሺܣܸܩܹሻ 
Weight of the dead piglet ସ 
Region3 Region 
Total dead piglets (TPD) Season ସ,଺ 
Total piglets born (TPB) 
Number of piglets dead from each 
cause		ଶ 
Sow ID 
Number of deaths in the same litter 	ସ 
Percentage of dead piglets attributed to 
each caus݁	ଵ,ଶ			
Number of littermates which died from the 
same cause ଶ,ସ 
Total piglet	mortality ሺ%ሻ		ሺܶܲܯሻ Time of death (Day vs Night) 	ସ,ହ 
Year (Y) Length of the mummies 
Season (S) Year 
1 Calculation reported in Data management at farm level 
2 Applied for all the causes reported in Table 1 
3 For the analysis at farm level, the farms were classified according to the pig population in 
the region they belong to: E >2000000 pigs, D 1000000-2000000 pigs, C 500000-1000000 
pigs, B 200000-500000 pigs, A<200000pigs 
4 Covariates tested in the binary logistic regression 
 5 Day: Inside the working hours vs Night: Outside the working hours 
6 Spring (February, March April), Summer (May June, July), Autumn (August, September, 
October), Winter (November, December, January) 
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Table D.4 Proportion of the inertia explained by all the Components of the Principal 
Component Analysis (PCA) : Eigenvalues, Projected Inertia and Cumulative Projected Inertia 
(CPI) of the  PCA  used to select the number of components and to assess the percentage of 
variance of the active variables explained by the different Components.  
 
Components 
 1 2 3 4 5 6 7 8 
Eigenvalue 2.32 1.56 1.13 1.07 0.87 0.69 0.23 0.12
Projected inertia 29.06 19.54 14.16 13.37 10.89 8.62 2.87 1.49
CPI 29.06 48.6 62.76 76.13 87.02 95.64 98.51 100
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Table D.5 Jackknife values and Bootstrapping of the 3 first components from the Principal 
Component Analysis (PCA): The jackknife estimate of standard error (Jack.SE), the jackknife 
estimate of bias (Jack.Bias) and the bootstrapping of the Eigenvalues of the 3 first 
components from the PCA were assessed to provide Confidence Intervals (CI). 
  
Eigenvalue
s 
Jack. 
SE 
Jack.Bia
s CI95% 
Cumulative  
Projected Inertia 
CI95% 
PC1 2.325 0.172 0.039 2.153 2.568 26.91 32.10 
PC2 1.563 0.133 0.042 1.399 1.813 44.39 54.76 
PC3 1.133 0.107 0.086 0.997 1.412 56.86 72.41 
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Table D.6 Contribution of the active variables  to the 3 first Components (PC) of the 
Principal Component Analysis (PCA): The absolute contributions of the variables of each 
component from the PCA and their relative contributions were used to identify which 
variables contributed the most to the different components. 
  Absolute contributions Relative contributions 
  PC1 PC2 PC3 PC1 PC2 PC3 
starvation 2.23 31.52 6.79 -5.18 -49.26 7.69 
crushing 5.08 25.93 0.03 -11.82 -40.54 0.04 
early sepsis 15.51 4.99 11.56 36.06 7.8 13.09 
mummified piglets 5.91 6.58 28.44 -13.73 10.29 32.21 
death during 
farrowing 15.18 5.16 17.62 35.28 8.06 -19.96 
non-viable piglets 23.39 2.59 19.04 -54.37 4.05 -21.56 
average litter size 2.41 12.53 15.61 -5.6 19.59 17.68 
average weight 30.29 10.69 0.92 70.42 -16.71 1.04 
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Figure D.7  Cluster Dendogram of French pig farms. Ward's method was the criterion 
applied in hierarchical cluster analysis: The longer branches for the partition into 3 clusters 
suggest a better differentiation of the different clusters. 
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Figure D.8 Distribution of the length (cm) of the mummified piglets from all sampled sows 
with mummified piglets. 
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Appendix E: Impact of neonate management on different categories of piglet 
mortality in French farms (Chapter 6) 
Table E.1 Categories of perinatal mortality : Definition of the categories of perinatal mortality 
and their classification based on the necropsy and the time of death. 
Categories Definition 
anaemia Mature lungs, abrasion of the feet, death after farrowing, pale  skin and mucosa, white 
porcelain colour of the body, no organ lesions visible during the necropsy 
arthritis Mature lungs, abrasion of the feet, death after farrowing, swelling joints, signs of arthritis 
during necropsy 
starvation Mature lungs, abrasion of the feet, death after farrowing, empty stomach and intestine, no 
organ lesions visible during the necropsy, urate crystals in the kidneys 
dehydration/ 
enteritis 
Mature lungs, abrasion of the feet, death after farrowing, significant quantity of liquid in 
the intestine, signs of dehydration, sticky sub-cutaneous tissue, urate crystals in the 
kidney  
crushing Mature lungs, death after farrowing, lesions of trauma, signs of compression on the skin, 
internal bleeding, broken rib, tongue hanging out of the mouth 
acute disease Mature lungs, death after farrowing, pericarditis, pleurisy, abscess, peritonitis, typical 
sepsis lesions, , petechial bleeding 
malformation Death during or after farrowing, signs of malformation 
splayleg Mature lungs, death after farrowing, cause reported by the farmer, no organs lesions at 
the necropsy 
killed by the sow Mature lungs, death after farrowing, signs of bites 
killed by the farmer Mature lungs, death after farrowing, reported by the farmer 
Unknown cause None of the other causes were identified, problem of conservation of the body 
Early sepsis  Incomplete lung maturation, lack of abrasion of the feet, no signs of autolysis lesions but 
lesions of septicaemia, inflammatory lesions, peritonitis, fibrin in the abdomen, systemic 
lymphadenomegaly and lymphadenitis. 
mummified Death during gestation after ossification, signs of mummification 
death before 
farrowing 
Incomplete lung maturation, lack of abrasion of the feet, more than 800g, no organ lesions 
visible during the necropsy, autolysis lesions 
death during 
farrowing 
Incomplete lungs maturation, lack of abrasion of the feet, differential colour of the organs, 
congestion of the intestine, meconium on the skin, pale skin with purplish skin 
haemorrhage, no signs of septicaemia 
non-viable piglet piglets < 800g excluding mummified piglets 
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Table E.2 Eigen values, projected inertia and cumulative projected inertia of the MCA of 9 
variables related to piglet management on the first 3 factorial axes. 
 Factorial axis 1 Factorial axis 2 Factorial axis 3
eigenvalues 0.304 0.257 0.220
projected inertia (%) 12.84 10.85 9.31
cumulative projected inertia 12.84 23.69 33.00 
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E.3 Absolute contributions for the three first factorial axes of the MCA of the levels of 9 
variables related to piglet management.  
 
variables F1 F2 F3 
transfer of the smaller: multiparous 112 428 582 
transfer of the smaller: no transfer  71 11 276 
transfer of the smaller: no rules 65 154 97 
transfer of the smaller: primiparous 89 454 456 
transfer of the bigger: multiparous 12 25 399 
transfer of the bigger: no transfer 1032 369 30 
transfer of the bigger: no rules 127 110 127 
transfer of the bigger: primiparous 306 0 352 
iron administration: injection 2 235 11 
iron administration: oral 10 1433 66 
anti-inflammatory: no 7 2 12 
anti-inflammatory: yes 133 30 227 
Help piglet after birth: no 2005 156 448 
Help piglet after birth: yes 276 43 62 
type of piglet assistance: suckling 75 1144 532 
type of piglet assistance: at least 2 of the 3 propositions 223 431 378 
type of piglet assistance: other 10 33 276 
type of piglet assistance: none 1694 116 708 
type of piglet assistance: move under heating lamp 46 208 122 
frequency of help: never 2014 163 207 
frequency of help: sometimes 46 56 422 
frequency of help: rarely 148 1850 6 
frequency of help: often 140 41 249 
frequency of help: always 42 247 579 
position of the  heating lamp: both 44 209 848 
position of the  heating lamp: posterior 331 52 1546 
position of the  heating lamp: side 84 124 33 
number of lamps at birth: 1 397 183 272 
number of lamps at birth: 2 102 541 7 
number of lamps at birth: 3 353 1151 671 
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Table E.4 Coordinates on the first three factorial axes of the MCA.  
variables F1 F2 F3 Variable ID 
transfer of the smaller: multiparous 0.299 0.535 0.578 1 
transfer of the smaller: no transfer -0.612 -0.221 1.027 2 
transfer of the smaller: no rules 0.455 0.643 -0.472 3 
transfer of the smaller: primiparous -0.221 -0.458 -0.425 4 
transfer of the bigger: multiparous -0.093 -0.124 -0.457 5 
transfer of the bigger: no transfer 2.860 -1.573 0.415 6 
transfer of the bigger: no rules -0.284 0.243 0.242 7 
transfer of the bigger: primiparous 1.102 0.022 1.006 8 
iron administration: injection 0.023 -0.253 -0.051 9 
iron administration: oral -0.144 1.550 0.308 10 
anti-inflammatory: no 0.046 0.020 0.051 11 
anti-inflammatory: yes -0.838 -0.365 -0.932 12 
Help piglet after birth: no 2.131 0.547 -0.857 13 
Help piglet after birth: yes -0.299 -0.108 0.120 14 
type of piglet assistance: suckling -0.364 1.305 -0.824 15 
type of piglet assistance: at least 2 of the 3 propositions -0.332 -0.425 0.368 16 
type of piglet assistance: other -0.398 -0.668 -1.780 17 
type of piglet assistance: none 2.317 -0.558 -1.275 18 
type of piglet assistance: move under heating lamp 0.271 0.528 0.375 19 
frequency of help: never 3.996 -1.046 -1.090 20 
frequency of help: sometimes -0.161 0.164 -0.416 21 
frequency of help: rarely 1.531 4.981 0.273 22 
frequency of help: often -0.325 -0.163 0.369 23 
frequency of help: always 0.365 -0.815 1.153 24 
position of the  heating lamp: posterior -0.171 0.342 -0.637 25 
position of the  heating lamp: both 0.573 -0.209 1.054 26 
position of the  heating lamp: side -0.297 -0.332 -0.160 27 
number of lamps at birth: 1 -0.561 0.351 -0.396 28 
number of lamps at birth: 2 0.229 -0.484 0.049 29 
number of lamps at birth: 3 1.183 1.964 1.389 30 
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Table E.6 Description of the continuous variables selected as covariates to adjust the models 
which assess the influence of different piglet management strategies on piglet mortality and 
different categories of piglet death. 
  min 1st Q median mean SD 3rd Q max 
Average litter size  13.13 15.10 15.93 15.90 1.20 16.73 18.21 
Average parity 2.29 3.48 3.96 4.02 0.75 4.38 6.00 
Sows per employee 7 98 125 153 104 201 650 
Biosecurity score 1 4 5 4.76 1.23 6 6 
Farrowing score 1 3 3 3.42 1.10 4 5 
 
Table E.7 Description of the categorical variable ‘training’ selected as covariates to adjust the 
models which assess the influence of different piglet management strategies on piglet mortality 
and different categories of piglet death. 
variables level  number of farms % 
training More than once a year  12   20.7 
  less than once a year  31   53.4 
  once a year 12   20.7 
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Figure E.8 MCA graph with the projection of piglet management variables and the farms on the 
first and second factorial axes. The squares with a number, pointed to by arrows, represent the 
piglet management variables (for key to the numbers see APPENDIX Table A4) and the black 
dots represent the farms of the sample. 
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Figure E.9 MCA graph with the projection of piglet management variables and the farms on the 
first and third factorial axes. The squares with a number, pointed to by the arrows, represent the 
piglet management variables ID (for key to the numbers see APPENDIX Table A4) and the 
black dots represent the farms of the sample.
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Figure E.10 MCA graph with the projection of piglet management variables and the farms 
on the second and third factorial axes. The squares with a number, pointed to by the arrows, 
represent the piglet management variables ID (for key to the numbers see APPENDIX Table 
A4) and the black dots represent the farms of the sample. 
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